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Dear Sir: 

On April 12, 2007, the Examiner made a final rejection to pending Claims 28-35 and 
38-40. A Response to Final Office Action was filed on August 13, 2007. A Notice of Appeal 
was subsequently filed on September 11, 2007. . 

Appellants hereby appeal to the Board of Patent Appeals and Interferences from the last 
decision of the Examiner. This Appeal Brief is timely filed requesting a two month extension 
of time with necessary fees. 

The following constitutes Appellants' Brief on Appeal. 
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1. REAL PARTY IN INTEREST 

The real party in interest is Genentech, Inc., South San Francisco, California, by an 
assignment of the patent application U.S. Patent Application Serial No. 09/946,374 recorded 
January 8, 2002, at Reel 012288 and Frame 0504. 

2. RELATED APPEALS AND INTERFERENCES 

The claims pending in the current application are directed to the polypeptide referred to 
herein as "PR01759." There exist one related pending patent application, U.S. Patent 
Application Serial No. 10/013,911, filed December 10, 2001 (containing claims directed to 
PR01759 antibodies). This related application is also under final rejection from the same 
Examiner and based upon very similar reasons, wherein appeal of these final rejections are being 
pursued independently and concurrently herewith. Although there exist several applications 
directed to the "gene amplification" utility, in general, under Appeal, none of these are related to 
PR01759 molecules or antibodies binding to it. 

3. STATUS OF CLAIMS 

Claims 28-35 and 38-40 are in this application. 
Claims 1-27 and 36-37 are canceled. 

Claims 28-35 and 38-40 stand rejected and Appellants appeal the rejection of these 

claims. 

A copy of the rejected claims involved in the present Appeal is provided in the Claims 
Appendix. 

4. STATUS OF AMENDMENTS 

The Response to the Final Office Action mailed on August 13, 2007 does not contain any 
claim amendments. All prior amendments have been entered by the Examiner. (See the attached 
Appendix for the claims on appeal). 

5. SUMMARY OF CLAIMED SUBJECT MATTER 

The invention claimed in the present application is related to an isolated polypeptide 
comprising the amino acid sequence of the polypeptide of SEQ ID NO:374; the amino acid 
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sequence of the polypeptide of SEQ ID NO:374, lacking its associated signal peptide; or the 
amino acid sequence of the polypeptide encoded by the full-length coding sequence of the cDNA 
deposited under ATCC accession number 203465 (Claims 33-35 and 38). The polypeptide of 
SEQ ID NO:374 is designated PRO 1759, and its amino acid sequence is shown in Figure 218, 
while the encoding nucleic acid sequence (SEQ ID NO:373) is shown in Figure 217. PR01759 
is described as a novel protein having multiple transmembrane domains (see, for example, 
page 31, lines 21-25; page 250, lines 20-22). The isolation of cDNA clones encoding PR01759 
of SEQ ID NO:374 is described in Example 1 12. The invention is further directed to 
polypeptides having at least 80%, 85%, 90%, 95%, or 99Vo amino acid sequence identity to the 
amino acid sequence of the polypeptide of SEQ ID NO:374; the amino acid sequence of the 
polypeptide of SEQ ED NO:374, lacking its associated signal peptide; or the amino acid sequence 
of the polypeptide encoded by the full-length coding sequence of the cDNA deposited under 
ATCC accession number 203465, wherein the nucleic acid encoding said polypeptide is 
amplified in lung or colon tumors (Claims 28-32). The invention is further directed to a chimeric 
polypeptide comprising one of the above polypeptides fused to a heterologous polypeptide 
(Claim 39), and to a chimeric polypeptide wherein the heterologous polypeptide is an epitope tag 
or an Fc region of an immunoglobulin (Claim 40). 

The full-length PRO 1759 polypeptide having the amino acid sequence of SEQ ID 
NO:374 is described in the specification at, for example, page 17, lines 20-25, page 344, 
lines 12-17, Example 64, in Figure 122 and in SEQ ID NO:374. The cDNA nucleic acid 
encoding PR01759 is described in the specification in Figure 217 and in SEQ ED NO:373. 
Page 292, lines 14-18 of the specification provides the description for Figures 121 and 122. PRO 
polypeptide variants having at least about 80% amino acid sequence identity with a full length 
PRO polypeptide sequence or a PRO polypeptide sequence lacking the signal peptide are 
described in the specification at, for example, page 302, lines 4-26. The preparation of chimeric 
PRO polypeptides, including those wherein the heterologous polypeptide is an epitope tag or an 
Fc region of an immunoglobulin, is set forth in the specification at page 358, lines 1 1-34. 
Examples 128-131 describe the expression of PRO polypeptides in various host cells, including 
E. coli, mammalian cells, yeast and Baculovirus-infected insect cells. Finally, Example 143, in 
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the specification at page 494, line 20, to page 508, line 28, sets forth a Gene Amplification assay 
which shows that the PRO 1759 gene is amplified in the genome of certain human lung or colon 
cancers (Table 8). 

The specification discloses that antibodies to PRO polypeptides may be used, for 
example, in purification of PRO (page 380, lines 15-21 and Example 133), in diagnostic assays 
for PRO expression (page 363, line 31, to page 364, hne 3, and page 380, lines 2-13), as 
antagonists to PRO (page 371, Hnes 27-30), and as elements of pharmaceutical compositions for 
the treatment of various disorders (page 379, lines 1-37). 

6. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

L Whether Claims 28-35 and 38-40 satisfy the utility requirement of 
35US.C. §101. 

11. Whether Claims 28-35 and 38-40 satisfy the enablement requirement of 
35 U.S.C. §112, first paragraph. 

m. Whether Claims 28-32 and 39-40 satisfy the written description requirement of 
35 U.S.C. §112, first paragraph. 

7. ARGUMENT 
Summary of the Arsuments 

Summary of Issue I: Utility 

Claims 28-35 and 38-40 stand rejected under 35 U.S.C. §101 as allegedly lacking either a 
specific and substantial asserted utility or a well established utility. 

Appellants rely for patentable utility of the PRO 1759 polypeptides on the^gene 
amplification data for the gene encoding the PR01759 polypeptide. Example 143 of the instant 
specification clearly discloses that the gene encoding PRO 1759 showed significant amplification 
in lung tumor as compared to a normal control. The specification discloses the data obtained 
using gene ampHfication analysis . .shows that [PR01759]-encoding genes are ampHfied in the 
genome of certain human lung and colon cancers and/or cell lines" and that "[a]mplification is 
associated with overexpression of the gene product. . ." (See instant specification page 494, first 
paragraph of Example 143). hi particular, Table 8 explicitly indicates that the PR01759 gene is 

-4- 

On Appeal to the Board of Patent Appeals and Interferences 

Appellants' Brief 
Application Serial No. 10/015,822 
Attorney's Docket No. 39780-2830 P1C38 



significantly amplified in lung and colon, tumors as compared to the normal control. (See 
pages 502-503 of the instant specification). Therefore, Appellants submit that one of skill in the 
art would reasonably expect in this instance, based on the amplification data for the PRO 1759 

gene, that the PRO 1759 polypeptide is concomitantly over expressed and has utility in the 
diagnosis of lung and colon cancer or for individuals at risk for developing lung and colon 
cancer, 

hi addition, Appellants have provided ample evidence that gene amplification is 
correlated with overexpression of its encoded protein. For instance, the Declaration by 
Dr. Audrey Goddard explains that a gene identified as being amplified at least 2-fold by the 
disclosed gene amplification assay in a tumor sample relative to a normal sample is usefiil as a 
marker for the diagnosis of cancer, and for monitoring cancer development and/or for measuring 
the efficacy of cancer therapy. Therefore, such a gene is usefiil as a marker for the diagnosis of 
lung and colon cancer , and for monitoring cancer development and/or for measuring the efficacy 
of cancer therapy. According to the Goddard Declaration, the 2.16-fold to 2.85-fold 
amplification of PRO 1 759 in primary lung and colon tumors would be considered significant and 
credible by one skilled in the art, based upon the facts disclosed therein. The Examiner has. not 
provided any evidence to show that the disclosed DNA amplification is not significant. 

Appellants have also submitted ample evidence to show that, in general, if a gene is 
amplified in cancer, it is more likely than not that the corresponding mRNA and encoded protein 
will be expressed at an elevated level. For instance, the articles by Omtoft et al, Hyman et al., 
and Pollack et al. collectively teach that in general gene amplification increases mRNA 
expression . 

Further, Appellants have submitted over a hundred references, along with Declarations of 
Dr. Paul Polakis, which collectively teach that, in general, there is a correlation between mRNA 
levels and polypeptide levels . 

The Examiner has asserted that it does not necessarily follow that an increase in gene 
copy number results in increased gene expression and increased protein expression, such that a 
polypeptide or the antibody that bind s it would be usefiil diagnostically. In support of these 
assertions, the Examiner referred to articles by Pennica et al. and Li et al. as evidence showing a 
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lack of correlation between gene (DNA) amplification and mRNA levels, as well as articles by 
Hu et al, Chen et al, Haynes et al, Gygi et al, Madoz-Gurpide et aL, Beer et al. Cells et al, 
Feroze-Merzoug et al, Steiner et al and Lilley et al as providing evidence that polypeptide 
levels cannot be accurately predicted from mRNA levels. 

In view of the Appellants' arguments and the overwhelming body of evidence in support 
of their position, the Examiner has withdrawn the assertion that mRNA levels are not predictive 
of polypeptide levels in the Advisory Action mailed November 13, 2007, and no longer relies 
upon those references cited in support of this rejection. Therefore, the only remaining issue for 
the appeal is whether DNA amplification correlates with mRNA expression. 

Appellants submit that the Examiner applied an improper legal standard when making 
this rejection. The evidentiary standard to be used throughout ex parte examination in setting 
forth a rejection is a preponderance of the totality of the evidence under consideration. Thus, to 
overcome the presumption of truth that an assertion of utility by an Applicant enjoys, or to rebut 
any statement made by an Applicant in support of utility, the Examiner must establish that it is 
more likelv than not that one of ordinary skill in the art would doubt the truth of the statement of 
utility or any related statement. Only after the Examiner has made a proper prima facie showing 
of lack of utility, does the burden of rebuttal shift to the Applicant. The Examiner failed to meet 
this evidentiary burden. 

The references cited by the Examiner do not suffice to make a prima facie case that more 
likely than not no generalized correlation exists between increased gene amplification and 
increased polypeptide levels. 

Taken together, although there are some examples in the scientific art that do not fit 
within the central dogma of molecular biology that there is generally a positive correlation 
between DNA, mRNA, and polypeptide levels, in general, in the majority of amplified genes , the 
art overwhelmingly shows that gene amplification influences gene expression at the mRNA and 
protein levels . Therefore, one of skill in the art would reasonably expect in this instance, based 
on the amplification data for the PR01759 gene, that the PR01759 polypeptide is concomitantly 
overexpressed and has utility in the diagnosis of lung and colon cancer. 

Accordingly, Appellants submit that when the proper legal standard is applied, one 
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should reach the conclusion that the present application discloses at least one patentable utility 
for the claimed PR01759 polypeptide. 

Summary of Issue II: Enablement 

Claims 28-35 and 38-40 stand rejected under 35 U.S.C. §112, first paragraph, allegedly 
since the claimed invention is not supported by either a specific and substantial asserted utility or a 
well established utility for the reasons set forth above, one skilled in the art clearly would not know 
how to use the claimed invention. 

Appellants submit that, as discussed above, the PRO 1759 polypeptide have utihty in the 
diagnosis of lung or colon cancer. Based on such a utility, one of skill in the art would know 
exactly how to use the claimed polypeptides for diagnosis of lung or colon cancer, without any 
undue experimentation. 

Detailed Arguments 

ISSUE I; Claims 28-35 and 38-40 satisfy the utility requirement of 35 U.S.C. $101 

The sole basis for the Examiner's rejection of Claims 28-35 and 38-40 under these 
sections is that the data presented in Example 143 of the present specification is allegedly 
insufficient under applicable legal standards to establish a patentable utiHty under 35 U.S.C. 
§101 for the presently claimed subject matter. 

Appellants strongly disagree and respectfully traverse the rejection. 

i) The Legal Standard For Utility Under 35 U.S.C. §101 

According to 35 U.S.C. §101: 

Whoever invents or discovers any new and useful process, machine, manufacture, 
or composition of matter, or any new and useful improvement thereof, may obtain 
a patent thereof, subject to the conditions and requirements of this title. 
(Emphasis added). 

In interpreting the utility requirement, in Brenner v. Manson, ^ the Supreme Court held 
that the quid pro quo contemplated by the U.S. Constitution between the public interest and the 
interest of the inventors required that a patent Applicant disclose a "substantial utility" for his or 

^ Brenner v. Manson, 383 U.S. 519, 148 U.S.P.Q. (BNA) 689 (1966). 
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her invention, Le,, a utility "where specific benefit exists in currently available form." The 
Court concluded that "a patent is not a hunting license. It is not a reward for the search, but 
compensation for its successful conclusion. A patent system must be related to the world of 
commerce rather than the realm of philosophy.""^ 

Later, in Nelson v. Bowler,"^ the C.C.P.A, acknowledged that tests evidencing 
pharmacological activity of a compound may establish practical utility, even though they may not 
establish a specific therapeutic use. The Court held that "since it is crucial to provide researchers 
with an incentive to disclose pharmaceutical activities in as many compounds as possible, we 
conclude adequate proof of any such activity constitutes a showing of practical utility."^ 

In Cross v. lizuka,^ the C.A.F.C. reaffirmed Nelson, and added that in vitro results might 
be sufficient to support practical utility, explaining that "/« vitro testing, in general, is relatively 
less complex, less time consuming, and less expensive than in vivo testing. Moreover, in vitro 
results with the particular pharmacological activity are generally predictive of /« vivo test results, 
i.e., there is a reasonable correlation there between."^ The Court perceived, "No insurmountable 
difficulty" in finding that, under appropriate circumstances, "m vitro testing, may establish a 
practical utility." 

The case law has also clearly established that AppHcants' statements of utility are usually 
sufficient, unless such statement of utility is unbelievable on its face.' The PTO has the initial 



\ Id. at 534, 148 U.S.P.Q. (BNA) at 695. 
^ Id. at 536, 148 U.S.P.Q. (BNA) at 696. 

^ Nelson v. Bowler, 626 F.2d 853, 206 U.S.P.Q. (BNA) 881 (C.C.P.A. 1980). 
^ Id. at 856, 206 U.S.P.Q. (BNA) at 883. 

^ Cross V. lizuka, 753 F.2d 1047, 224 U.S.P.Q. (BNA) 739 (Fed. Cir. 1985). 
^ Id. at 1050, 224 U.S.P.Q. (BNA) at 747. 
" Id. 

^ In re Gazave, 379 F.2d 973, 154 U.S.P.Q. (BNA) 92 (C.C.P.A. 1967). 
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burden to prove that Applicants' claims of usefulness are not believable on their face. In 
general, an Applicant's assertion of utility creates a presumption of utility that will be sufficient 
to satisfy the utility requirement of 35 U.S.C. §101, "unless there is a reason for one skilled in the 
art to question the objective truth of the statement of utility or its scope."^ ^' 

CompHance with 35 U.S.C. §101 is a question of fact.^-^ The evidentiary standard to be 
used throughout ex parte examination in setting forth a rejection is a preponderance of the 
totality of the evidence under consideration.^"* Thus, to overcome the presumption of truth that 
an assertion of utility by the Applicant enjoys, the Examiner must establish that it is more likely 
than not that one of ordinary skill in the art would doubt the truth of the statement of utility. 
Only after the Examiner made a proper prima facie showing of lack of utility, does the burden of 
rebuttal shift to the Applicant. The issue will then be decided on the totality of evidence. 

The well established case law is clearly reflected in the Utility Examination Guidelines 
("Utility Guidelines"),'^ which acknowledge that an invention complies with the utility 
requirement of 35 U.S.C. §101, if it has at least one asserted "specific, substantial, and credible 
utility" or a "well-established utility." Under the Utility Guidelines, a utility is "specific" when it 
is particular to the subject matter claimed. For example, it is generally not enough to state that a 
nucleic acid is useful as a diagnostic without also identifying the conditions that are to be 
diagnosed. 

\n explaining the "substantial utility" standard, M.P.E.P. §2107.01 cautions, however, 



In reLanger, 503 F.2d 1380,1391, 183 U.S.P.Q. (BNA) 288, 297 (C.C.P.A. 1974). 

See also In re Jolles, 628 F.2d 1322, 206 USPQ 885 (C.C.P.A. 1980); In re Irons, 340 
F.2d 974, 144 USPQ 351 (1965); In re Sichert, 566 R2d 1154, 1159, 196 USPQ 209,212-13 
(C.C.P.A. 1977). 

Raytheon v. Roper, 724 F.2d 951, 956, 220 U.S.P.Q. (BNA) 592, 596 (Fed. Cir. 1983) 
cert, denied, 469 US 835 (1984). 

In re Oetiker, 977 F.2d 1443, 1445, 24 U.S.P.Q.2d (BNA) 1443, 1444 (Fed. Cir. 

1992). 

66 Fed. Reg. 1092(2001). 
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that Office personnel must be careful not to interpret the phrase "immediate benefit to the public" 
or similar formulations used in certain court decisions to mean that products or services based on 
the claimed invention must be "currently available" to the public in order to satisfy the utility 
requirement. "Rather, any reasonable use that an Applicant has identified for the invention that 
can be viewed as providing a public benefit should be accepted as sufficient, at least with regard 
to defining a 'substantial utility.'"^^ hideed, the GuideUnes for Examination of Applications for 
Compliance With the Utility Requirement/^ gives the following instruction to patent examiners: 
"If the Applicant has asserted that the claimed invention is useful for any particular practical 
purpose . . . and the assertion would be considered credible by a person of ordinary skill in the 
art, do not impose a rejection based on lack of utility." 

ii) The Data and Documentary Evidence Supporting a Patentable Utility 

Appellants respectfully submit that Appellants rely on the gene amplification data for 
patentable utility of the claimed antibodies that bind the PR01759 polypeptide, and that the gene 
amplification data for the gene encoding the PR01759 polypeptide is clearly disclosed in the 
instant specification under Example 143. 

It was well known in the art at the fime the invention was made that gene amplification is 
an essential mechanism for oncogene activation. The gene amplification assay is well-described 
in Example 143 of the present application. Example 143 discloses that the inventors isolated 
genomic DNA from a variety of primary cancers and cancer cell lines that are listed in Table 8, 
including primary lung and colon tumors of the type and stage indicated in Table 7. As a 
negative control, DNA was isolated from the cells of ten normal healthy individuals, which was 
pooled and used as a control. Gene amplification was monitored using real-time quantitative 
TaqMan"^^ PGR. Table 8 shows the resulting gene amplification data. Further, Example 143 
explains that the results of TaqMan^"^ PGR are reported in AGt units, wherein one unit 
corresponds to one PGR cycle or approximately a 2-fold amplification relative to control, two 
units correspond to 4-fold amplification, 3 units to 8-fold amplification etc. 

M.P.E.P. §2107.01. 
M.P.E.P. §2107n(B)(l). 
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Appellants respectfully submit that a ACt value of at least 1.0 was observed for PRO 1759 
in at least three of the tumors listed in Table 8. PR01755 showed approximately 1.1 1-1.51 ACt 
units which corresponds to 2^^^-2^^* fold amplification or 2.16 fold to 2.85-fold amplification in 
lung tumors HF000842 and HF001296, and in colon tumor center HF000795. (See Table 8 of 
the specification). Accordingly, the present specification clearly discloses overwhelming 
evidence that the gene encoding the PR01759 polypeptide is significantly amplified in lung and 
colon tumors. 

It is also well known that gene amplification occurs in most solid tumors, and generally is 
associated with poor prognosis. 

In support, Appellants have submitted, in their Response filed on February 2, 2005, a 

Declaration by Dr. Audrey Goddard. Appellants particularly draw the Board's attention to page 3 

of the Goddard Declaration which clearly states that: 

It is fiirther my considered scientific opinion that an at least 2-fold increase in 
gene copy number in a tumor tissue sample relative to a normal (ue., non-tumor) 
sample is significant and useful in that the detected increase in gene copy 
number in the tumor sample relative to the normal sample serves as a basis for 
using relative gene copy number as quantitated by the TaqMan PGR technique 
as a diagnostic marker for the presence or absence of tumor in a tissue sample of 
unknown pathology. Accordingly, a gene identified as being amplified at least 
2-fold by the quantitative TaqMan PGR assay in a tumor sample relative to a 
normal sample is useful as a marker for the diagnosis of cancer, for 
monitoring cancer development and/or for measuring the efficacy of cancer 
therapy. (Emphasis added). 

As indicated above, the gene encoding the PRO 1759 polypeptide shows a greater than 
two fold amplification in three different tumors. In addition, the Goddard Declarafion clearly 
establishes that the TaqMan real-time PGR method described in Example 143 has gained wide 
recognition for its versatility, sensitivity and accuracy, and is in extensive use for the study of 
gene ampHfication. The facts disclosed in the Declaration also confirm that based upon the gene 
ampHficafion results, one of ordinary skill would find it credible that PRO 1759 is a diagnostic 
marker of lung and colon cancer. 

The Examiner argues that "[njovel biological molecules lack well established utility and 
must undergo extensive experimentation." (Page 2 of the Final Office Action mailed 
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April 12, 2007). In addition, the Examiner maintains that the present specification fails to 
disclose the physiological significance of the PRO 1759 polypeptide or the correlation between 
PR01759 DNA, PR01759 mRNA and PR01759 polypeptide expression as they relate colon and 
lung tumors. The Examiner continues to reject the instant antibody case asserting that "the 
skilled artisan would not know if the expression of the PRO 1759 polypeptide would be 
upregulated, down-regulated, or unchanged in cancer." (Page 3 of the Final Office Action mailed 
April 12, 2007). 

Appellants respectfully disagree and submit that the instant specification provide ample 
information on how to use the claimed antibodies against the PR01759 polypeptide as diagnostic 
markers for the reasons previously set forth in Appellants' Responses filed on August 13, 2007, 
February 2, 2005 and November 30, 2005, and in the Preliminary Amendments filed on 
July 21, 2005 and August 7, 2006. For instance. Appellants have disclosed that the PRO 1759 
gene is amplified in human colon and lung cancers. The present specification thus clearly 
discloses a particular biological activity: amplification in a particular type of cancer. Such 
amplification is useful, for example, in that the claimed antibodies against the PR01759 
polypeptides may be used as diagnostic markers for colon and lung cancer. Further, Appellants 
have submitted ample evidence to show that, in general, if a gene is amplified in cancer, it is 
more likely than not that the encoded protein will be expressed at an elevated level. The articles 
by Omtoft et al, Hyman et aL, and Pollack et a/., Bea et al and Godbout et a/, (of record), along 
with Declaration by Dr. Ashkenazi and Dr. Goddard, collectively teach that in general gene 
amplification increases mRNA expression . With regard to the correlation between mRNA 
expression and protein levels. Appellants previously submitted over one hundred references, 
along with the Declarations of Dr. Paul Polakis with their Response filed on February 2, 2005 
and Preliminary Amendment filed on August 7, 2006, which collectively teach that, in general, 
there is a correlation between mRNA levels and polypeptide levels . 

The Examiner has presented no evidence and no reasoning to suggest that these 
experimental results are in error. Thus, the specification, which discloses that PR01759 is 
overexpressed in colon and lung tumors, demonstrates a biological activity related to the 
PRO 1759 polypeptides that are bound by the claimed antibodies. Accordingly, Appellants have 
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demonstrated a credible, specific and substantial asserted utility for the PRO 175 9 polypeptides 
and the antibodies that bind to it. 

The Examiner has asserted that "[t]he specification provides data showing a very small 
increase in DNA copy number." (Page 4 of the Final Office Action mailed April 12, 2007). 

Appellants respectfully point out that the Examiner's assertions are factually incorrect. 
As discussed above, the specification has not only disclosed that the DNA copy number for the 
gene encoding PRO 1759 is increased in three different lung tumors, but has also quantified the 
degree of gene amplification observed in each of these lung tumors. As shown in Table 8, the 
numerical increase in copy number ranges from 2.16 to 2.85. 

Appellants further submit that the Examiner seems to have applied a heightened utility 

standard in this instance, which is legally incorrect. Appellants have shown that the gene 

encoding PRO 1759 demonstrated significant amplification, from 2.16 to 2.85 fold , in three lung 

and colon tumors. As explained in the Declaration of Dr. Audrey Goddard (submitted with the 

Response filed February 2, 2005): 

It is further my considered scientific opinion that an at least 2-fold increase in 
gene copy number in a tumor tissue sample relative to a normal (/.e., non-tumor) 
sample is significant and usefiil in that the detected increase in gene copy 
number in the tumor sample relative to the normal sample serves as a basis for 
using relative gene copy number as quantitated by the TaqMan PCR technique 
as a diagnostic marker for the presence or absence of tumor in a tissue sample of 
unknown pathology. (Emphasis added). 

By referring to the 2.16-fold to 2.85-fold amplification of the PR01759 gene in lung and 

colon tumors as "very small," or "minor," the Examiner appears to ignore the teachings within an 

expert's declaration without any basis, or without presenting anv evidence to the contrary . 

Appellants respectfully draw the Board's attention to the Utility Examination Guidelines 

(Part IIB, 66 Fed. Reg. 1098 (2001)) which states that: 

"Office personnel must accept an opinion from a qualified expert that is based 
upon relevant facts whose accuracy is not being questioned; it is improper to 
disregard the opinion solely because of a disagreement over the significance or 
meaning of the facts offered". 
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Thus, given the absence of any evidence to the contrary, Appellants maintain that the 2.16 
to 2.85-fold amplification disclosed for the PR01759 gene is simificant and forms the basis for 
the utility claimed herein. 

Further, Appellants respectfully submit that the amplification of the nucleic acids in even 
one lung or colon tumor provides specific and substantial utility for the nucleic acid as a 
diagnostic marker of the type of lung or colon tumor in which it was amplified . Appellants 
submit that the tumors listed in Table 8 are not similar tumors from different patients, but various 
types/classes of lung and/or colon tumors at different stages. Accordingly, a positive result fi:om 
one tumor, where the nucleic acid was amplified, but not fi-om other tumors, indicates that the 
nucleic acid can be used as a marker for diagnosing the presence of that kind of tumor in which it 
was amplified. Amplification of the nucleic acid would be indicative of that specific class of 
lung or colon tumor, whereas absence of amplification would be non-conclusive. 

The Examiner has dismissed the Goddard declaration as "not pertinent" because it 
allegedly fails to address the issue of the claimed anfibodies. (Page 5 of the Final Office Action 
mailed April 12, 2007). The Examiner has also contended that "the [Goddard] Declaration does 
not provide data such that the examiner can independently draw conclusions. Only 
Dr. Goddard's conclusions are provided in the declaration." (Page 6 of the Final Office Action 
mailed April 12, 2007). 

Appellants have submitted Dr. Goddard's Declaration to show that the TaqMan real-time 
PGR method described in Example 143 has gained wide recognition for its versatihty, sensitivity 
and accuracy, and is in extensive use for the study of gene amplification. The facts disclosed in 
the Declaration also confirm that based upon the gene amplification results, one of ordinary skill 
would find it credible that PRO 1759 is a diagnostic marker of colon and lung cancer. Appellants 
emphasize that the opinions expressed in the Goddard Declaration are all based on factual 
findings. Thus, Dr. Goddard explains that the TaqMan PGR assay is based on the principle that 
successful PGR yields a fluorescent signal due to Taq DNA polymerase-mediated exonuclease 
digestion of a fluorescently labeled oligonucleotide that is homologous to a sequence between 
two PGR primers. Further, Dr. Goddard explains that the assay is extremely sensitive technique 
which leads to accurate determination of gene copy number. Dr. Goddard adds that the TaqMan 
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PCR assay has been extensively and successfully used to characterize genes involved in cancer 
development and progression. For support, Dr. Goddard cites a number of references including a 
publication by Pennica et al in which Dr. Goddard is a co-author of the paper. Accordingly, a 
gene identified as being amplified at least 2-fold by the quantitative TaqMan PCR assay in a 
tumor sample relative to a normal sample is useful as a marker for the diagnosis of cancer, for 
monitoring cancer development and/or for measuring the efficacy of cancer therapy. Thus, 
Dr. Goddard's statement that "a gene identified as being amplified at least 2-fold by the 
quantitative TaqMan PCR assay in a tumor sample relative to a normal sample is useful as a 
marker for the diagnosis, of cancer" is based on factual, experimental findings, clearly set forth in 
the Declaration. Accordingly, the Declaration is not merely conclusive, and the fact-based 
conclusions of Dr. Goddard would be considered reasonable and accurate by one skilled in the 
art. 

Appellants reiterate that the case law has clearly established that in considering affidavit 
evidence, the Examiner must consider all of the evidence of record anew.^^ "After evidence or 
argument is submitted by the Applicant in response, patentability is determined on the totality of 
the record, by a preponderance of the evidence with due consideration to persuasiveness of 
argument. "^^ Furthermore, the Federal Court of Appeals held in In re Alton, "We are aware of no 

• 20 

reason why opinion evidence relating to a fact issue should not be considered by an Examiner." 

* • 21 

Appellants also respectfully draw the Board's attention to the Utility Examination Guidelines 
which states, "Office personnel must accept an opinion from a qualified expert that is based upon 
relevant facts whose accuracy is not being questioned; it is improper to disregard the opinion 
solely because of a disagreement over the significance or meaning of the facts offered." The 



In re Rinehart, 531 F.2d 1084, 189 USPQ 143 (C.C.P.A. 1976); In re Piasecki 745 
F.2d. 1015, 226 USPQ 881 (Fed, Cir. 1985). 

In re Alton, 37 USPQ2d 1578, 1584 (Fed. Cir 1996) (quoting /n re Oetiker, 977 F.2d 
1443, 1445, 24 USPQ2d 1443, 1444 (Fed. Cir. 1992)). 

In re Alton, supra. 

Part HE, 66 Fed. Reg. 1098 (2001). 
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statement from an expert in the field (the Goddard Declaration) states that "it is my considered 
scientific opinion that ... a gene identified as being amplified at least 2-fold by the quantitative 
TaqMan PGR assay in a tumor sample relative to a normal sample is usefial as a marker for the 
diagnosis of cancer." Therefore, barring evidence to the contrary regarding the above statement 
in the Goddard Declaration, this rejection is improper under both the case law and the Utility 
guidelines. 

The Examiner has fiirther alleged that the pooled normal blood control was not a proper 
control. The Examiner relies on the teachings of Bieche et al and Pitti et al to allege that, 
although they used pooled DNA controls, these authors did not use their data for diagnostic 
purposes, as in the instant application. (Pages 7-8 of the Final Office Action mailed 
April 12, 2007). 

Appellants have discussed the references Bieche et al and Pitti et al in great detail in 
their Response dated January 25, 2007, and maintain that references Bieche et al and Pitti et al 
were presented to show the use of pooled DNA from normal, healthy donors as control was well- 
known and was widely utilized at the time of filing of the instant application. That the Bieche et 
al and Pitti et al used such controls for experimental purposes (and not for diagnostics, 
according to the Examiner) should bear no consequence to the fact that, pooled DNA controls 
were an acceptable control in the art at that time of filing of the instant application. Accordingly, 
the Examiner has not presented valid arguments or contrary evidence to show that the pooled 
control was not acceptable at the time of filing. Such a rejection is therefore improper. 

The Examiner has asserted that "[o]ne cannot determine from the data in the specification 
whether the observed 'amplification* of nucleic acid is due to increase in chromosomal copy 
number, or alternatively due to an increase in transcription rates." (Page 5 of the Final Office 
Action mailed April 12, 2007). 

Appellants note that the data in the specification relates to amplification of DNA, not 
mRNA, thus transcription rates would not affect this data. 

The Examiner has fiirther asserted that "[e]ven if the data demonstrated a slight increase 
in copy number of PRO 1759 nucleic acids in primary tumors, such would not be indicative of a 
use of the encoded polypeptide or antibody as a diagnostic agent." (Page 7 of the Office Action 
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mailed November 4, 2004). The Examiner cited Sen to the effect that *'[c]ancerous tissue is 

known to be aneuploid, that is, having an abnormal number of chromosomes," and asserted that 

"[a] slight amplification of a gene does not necessarily mean overamplification in a cancer tissue, 

but can merely be an indication that the cancer tissue is aneuploid," (Page 7 of the Office Action 

mailed November 4, 2004). 

Appellants submit that it is known in the art that detection of gene amplification can be 

used for cancer diagnosis regardless of whether the increase in gene copy number results fi*om 

intrachromosomal changes or from chromosomal aneuploidy. As explained by Dr. Ashkenazi in 

his Declaration (submitted with Appellants' Response filed February 2, 2005), 

An increase in gene copy number can result not only from intrachromosomal 
changes but also from chromosomal aneuploidy.. It is important to understand that 
detection of gene amplification can be used for cancer diagnosis even if the 
determination includes measurement of chromosomal aneuploidy. Indeed, as long 
as a significant difference relative to normal tissue is detected, it is irrelevant if 
the signal originates from an increase in the number of gene copies per 
chromosome and/or an abnormal number of chromosomes. 

Hence, Appellants submit that gene amplification of a gene, whether by aneuploidy or 
any other mechanism, is usefiil as a diagnostic marker. 

The Examiner has also alleged that the PRO 1759 gene has not been associated with 
tumor formation or the development of cancer, nor has it been shown to be predictive of such. 
The specification merely demonstrates that the PRO 1759 nucleic acid was amplified in two types 
of cancer samples (lung, colon), to a minor degree (about 2.16 to 2.85 fold). No mutation or 
translocation of PR01759 has been associated with any type of cancer versus normal tissue. 
(Page 6 of the Final Office Action mailed April 12, 2007). 

It appears that the Examiner's concern is with regard to the underlying mechanism 

resulting in the positive gene amplification results, and not with those results themselves. 

However, the Examiner's concerns regarding the alleged lack of mutation or translocation of 

PR01759 associated with any type of cancer versus normal tissue, in no way negate the utility of 

the claimed invention. The fact remains that the gene amplification results demonstrate 

overexpression of PRO 1 759 in the named tumor. One of ordinary skilled in the art does not need 

to know the underline mechanism of the overexpression of PRO 1759, such as mutation or 

translocation, to practice the claimed invention. One of ordinary skill in the art, in possession of 
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these results, would have believed it more likely than not that the PRO 1759 polypeptides are 
useful for their asserted utility. 

The Examiner has also stated that she "cannot find any reason to suspect, that the protein 
encoded by the PR01759 gene would confer any selective advantage on a cell expressing it" and 
that ''there is no structure/ function analysis in the specification" (Page 8 of the Final Office 
Action mailed April 12, 2007). 

Appellants respectfully traverse this rejection. Appellants submit that the request for 
"structure/ function data" is not a utility requirement. Neither is a showing of mechanism of 
action necessary for the utility requirement. Furthermore, Appellants note that selective 
advantage to cell survival is not the only mechanism by which genes impact cancer, and for this 
additional reason, this heightened requirement imposed by the Examiner is improper according to 
the Utility standards set by the USPTO. 

The Examiner has asserted that "[fjurther research needs to be done to determine whether 
the small increase in PR01759 DNA supports a role for the polypeptide the cancerous tissue" 
and concludes that "the specification's assertions that the PR01759 polynucleotides encoding the 
claimed polypeptides have utility in the fields of cancer diagnostics and cancer therapeutics are 
not substantial." (Page 5 of the Final Office Action mailed April 25, 2005). 

Appellants first note that the claims of the instant application are directed to antibodies, 
not polynucleotides or polypeptides. Second, as stated above, the observed increase in PR01759 
DNA in lung and colon tumors is not "small," but significant . Finally, as stated above, in 
explaining the "substantial utihty" standard, M.P.E.P. §2107.01 cautions that Office personnel 
must be careful not to interpret the phrase "immediate benefit to the public" or similar 
formulations used in certain court decisions to mean that products or iservices based on the 
claimed invention must be "currently available" to the pubHc in order to satisfy the utility 
requirement. Indeed, the Guidelines for Examination of Applications for Compliance With the 
Utility Requirement^^ states, "If the Applicant has asserted that the claimed invention is useful 
for any particular practical purpose . . . and the assertion would be considered credible by a 
person of ordinary skill in the art, do not impose a rejection based on lack of utility." 

" M.P.E.P. §2107 n (B)(1). 
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Appellants* position is based on the overwhelming evidence from gene (DNA) 
amplification data disclosed in the specification which clearly indicate that the gene encoding 
PR01759 is significantly amplified in certain lung and colon tumors. Based on the working 
hypothesis among those skilled in the art that if a gene is amplified in cancer, the encoded protein 
is likely to be expressed at an elevated level one skilled in the art would simply accept that since 
the PRO 1759 gene is amplified, the PRO 1759 polypeptide would be more likely than not over- 
expressed. Thus data relating to PRO 1759 polypeptide expression may be used for the same 
diagnostic and prognostic purposes as data relating to PRO 1759 gene expression. Therefore, 
based on the disclosure in the specification, no further research would be necessary to determine 
how to use the claimed antibodies that bind to the PR01759 polypeptide, because the current 
invention is fully enabled by the disclosure of the present application. 

Accordingly, Appellants submit that based on the general knowledge in the art at the time 
the invention was made and the teachings in the specification, the specification provides clear 
guidance as to how to interpret and use the data relating to PRO 1759 polypeptide expression 
have utility in the diagnosis of cancer. 

ill) A prima facie case of lack of utility has not been established 

Appellants submit that the evidentiary standard to be used throughout ex parte 
examination of a patent application is a preponderance of the totality of the evidence under 
consideration. Thus, to overcome the presumption of truth that an assertion of utility by the 
Applicant enjoys, the Examiner must establish that it is more likelv than not that one of ordinary 
skill in the art would doubt the truth of the statement of utility. Only after the Examiner has 
made a proper prima facie showing of lack of utility, does the burden of rebuttal shift to the 
Applicant. 

The Examiner has asserted that the gene amplification data discussed above is not 
sufficient to provide utility for the PR01759, because allegedly there is no evidence to "to 
demonstrate that gene amplification correlates with polypeptide over-expression or that 
PROl 759 polypeptide of the instant application is supported by a specific and asserted utility or a 
well established utility." (Page 10 of the Final Office Action mailed April 12, 2007). In support 
of this assertion the Examiner has cited articles by Pennica et al. Sen et al., Li et al., Hu et ai, 
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Chen et ai, Haynes et aL, Gygi et ai, Madoz-Gurpide et ai. Beer et ai, Celis et al, Feroze- 
Merzoug et al, Steiner et aL and Lilley et al 

As of the Advisory Action mailed November 13, 2007, the Examiner has withdrawn a 
portion of the basis for this rejection. Specifically, the Examiner no longer asserts that mRNA 
levels are not predictive of polypeptide levels. As such, the references of Hu et al, Chen et al, 
Haynes et al, Gygi et al, Madoz-Gurpide et al. Beer et al, Celis et al, Feroze-Merzoug et al, 
Steiner et al and Lilley et al are no longer being relied upon to support the rejection. 

As a preliminary matter, Appellants respectfully submit that it is not a legal requirement 
to establish that gene amplification "necessarily" results in increased expression at the mRNA 
and polypeptide levels or that polypeptide levels can be "accurately predicted." As discussed 
above, the evidentiary standard to be used throughout ex parte examination of a patent 
application is a preponderance of the totality of the evidence under consideration. Accordingly, 
Appellants submit that in order to overcome the presumption of truth that an assertion of utility 
by the Applicant enjoys, the Examiner must establish that it is more likely than not that one of 
ordinary skill in the art would doubt the truth of the statement of utility. Appellants respectfully 
submit that when the proper evidentiary standard is applied, a correlation must be acknowledged. 

Pennica et aL 

The Examiner has referenced the article by Pennica et al in support of the assertion that 
there is a lack of correlation between DNA amplification and increased peptide levels. (Page 9 
of the Office Action mailed October 25, 2006). 

Appellants submit that Pennica et al does not show a lack of correlation between gene 
(DNA) amplification and mRNA levels. According to the quoted statement fi*om Pennica et al, 
"WISP-1 gene amplification in human colon tumors showed a correlation between DNA 
amplification and over-expression, whereas overexpression of WISP-3 RNA was seen in the 
absence of DNA amplification. In contrast, WISP-2 DNA was amplified in colon tumors, but its 
mRNA expression was significantly reduced in the majority of tumors compared with expression 
in normal colonic mucosa firom the same patient." From this, the Examiner correctly concludes 
that increased copy number does not necessarily result in increased polypeptide expression. The 
standard, however, is not absolute certainty. The fact that in the case of a specific class of closely 
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related molecules there seemed to be no correlation with gene amplification and the level of 
mRNA/protein expression, does not establish that it is more likely than not, in general, that such 
correlation does not exist. The Examiner has not shown whether the lack or correlation observed 
for the family of WISP polypeptides is typical, or is merely a discrepancy, an exception to the 
rule of correlation . Indeed, the working hypothesis among those skilled in the art is that, if a 
gene is amplified in cancer, the encoded protein is likely to be expressed at an elevated level. In 
fact, as noted even in Pennica et a/., "[a]n analysis of WISP-l gene amplification and expression 
in human colon tumors showed a correlation between DNA amplification and over-expression 
(Pennica et al, page 14722, left column, first fiill paragraph, Emphasis added). 
Accordingly, Appellants respectfully submit that Pennica et al teaches nothing 
conclusive regarding the absence of correlation between amplification of a gene and over- 
expression of the encoded WISP polypeptide. More importantly, the teaching of Peimica et al is 
specific to WISP genes. Pennica et al has no teaching whatsoever about the correlation of gene 
amplification and protein expression in general . 

Li et al. 

The Examiner has cited Li et al. as teaching that "68.8% of the genes showing over- 
representation in the genome did not show elevated transcript levels." (Page 27 of the Final 
Office Action mailed April 12, 2007). 

Appellants respectfully point out that Li et al acknowledge that their results differed from 
those obtained by Hyman et al and Pollack et al (of record), who found a substantially higher 
level of correlation between gene amplification and increased gene expression. The authors note 
that "[t]his discordance may reflect methodologic differences between studies or biological 
differences between breast cancer and lung adenocarcinoma." (Page 2629, col. 1). In fact, as 
explained in the Supplemental Information accompanying the Li article (copy enclosed 
herewith), genes were considered to be amplified if thev had a copv number ratio of at least 1 .40 . 
As discussed in Appellants' previous Responses, and in the Goddard Declaration of record, an 
appropriate threshold for considering gene amplification to be significant is a copy number of at 
least 2.0 . As discussed above the PRO 1759 gene showed 2.16 to 2.85-fold amplification in three 
different lung and colon tumors, thus meeting this standard. It is not surprising that, by using a 
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substantially lower threshold for considering a gene to be amplified, Li et aL would have 
identified a number of genes that were not in fact significantly amplified, and therefore did not 
show any corresponding increase in mRNA expression. The results of Li et aL therefore do not 
disprove that a gene with a substantially higher level of gene amplification, such as PR01759. 
would be expected to show a corresponding increase in transcript expression. 

The Examiner further asserts that "There has been no demonstration of the existence of 
any mRNA not the level thereof, not any demonstration of any protein expression, in any cell or 
tissue, under any conditions." (Page 23 of the Final Office Action mailed April 12, 2007). 

Appellants maintain that the PTO is focusing on a distinction without a difference. It is 
well known that cancers arise from the transformation of normal tissue cells to cancerous cells, 
thus the observed differences in gene copy number between normal and cancerous tissues are in 
fact the result of previously occurring changes . As discussed above, the disclosed assay is a 
comparative one, where what is important is that a significant difference in expression between 
tumor and non-tumqr tissue is (or is not) observed. It is precisely this difference that is 
demonstrated by the assay disclosed in Example 143. 

iv) It is ^^more likely than not'' for amplified genes to have increased mRNA and 
protein levels 

Appellants have submitted ample evidence to show that, in general, if a gene is amplified 
in cancer, it is more likely than not that the corresponding mRNA and encoded protein will be 
expressed at an elevated level. First, the articles by Omtoft et aL, Hyman et aL, and Pollack et 
aL, (made of record in Appellants' Response filed February 2, 2005), collectively teach that in 
general gene amplification increases mRNA expression . 

Second, Appellants have submitted over one hundred references, along with Declarations 
of Dr. Paul Polakis with their Response filed on February 02, 2005 and Preliminary Amendment 
filed on August 7, 2006, which collectively teach that, in general there is a correlation between 
mRNA levels and polypeptide levels . 

Third, Appellants would like to bring to the Board's attention a recent decision by the 
Board of Patent Appeals and hiterferences (Decision on Appeal No. 2006-1469). In its decision, 
the Board reversed the utility rejection, acknowledging that "there is a strong correlation between 
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mRNA levels and protein expression, and the Examiner has not presented any evidence specific 
to the PRO 1 866 polypeptide to refute that." (Page 9 of the Decision). Appellants submit that, in 
the instant application, the Examiner has likewise not presented any evidence specific to the 
PRO 1759 polypeptide to refute Appellants' assertion of a correlation between mRNA levels and 
protein expression. 

Taken together, although there are some examples in the scientific art that do not fit 
within the central dogma of molecular biology that there is a correlation between polypeptide and 
mRNA levels, these instances are exceptions rather than the rule. In the maioritv of amplified 
genes , the teachings in the art, as exemplified by Omtoft et al, Hyman et al, Pollack et ai, and 
the Polakis and Scott Declarations, overwhelmingly show that gene amplification influences gene 
expression at the mRNA and protein levels. Therefore, one of skill in the art would reasonably 
expect in this instance, based on the amplification data for the PR01759 gene, that the PR01759 
polypeptide is concomitantly overexpressed. Thus, Appellants submit that the claimed PR01759 
polypeptide have utility in the diagnosis of cancer. 

As of the Advisory Action mailed November 13, 2007, the Examiner has acknowledged 
this evidence and agreed with Appellants on the issue that mRNA levels are predictive of 
polypeptide levels. However, the Examiner maintains that there is not a strong correlation 
between DNA amplification and mRNA expression. 

Orntoft et aL, Hyman et al and Pollack et al. 

Appellants submit that there are numerous articles which show that generally, if a gene is 
amplified in cancer, it is more likely than not that the mRNA transcript will be expressed at an 
elevated level. For example, Omtoft et al (MoL and Cell. Proteomics, 2002, vol. 1, pages 37-45 
- made of record in Appellants' Response filed February 2,. 2005) studied transcript levels of 
5600 genes in malignant bladder cancers, many of which were linked to the gain or loss of 
chromosomal material using an array-based method. Omtoft et al showed that there was a gene 
dosage effect and taught that "in general (18 of 23 cases) chromosomal areas with more than 
2-fold gain of DNA showed a corresponding increase in mRNA transcripts." (See column 1, 
Abstract). In addition, Hyman et al {Cancer Res., 2002, vol. 62, pages 6240-45 - made of record 
in Appellants' Response filed February 2, 2005) showed, using CGH analysis and cDNA 
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microarrays which compared DNA copy numbers and mRNA expression of over 12,000 genes in 
breast cancer tumors and cell lines, that there was "evidence of a prominent global influence of 
copy number changes on gene expression levels." (See page 6244, column 1, last paragraph). 
Additional supportive teachings were also provided by Pollack et ai, {PNAS, 2002, vol. 99, 
pages 12963-12968 - made of record in Appellants' Response filed February 2, 2005) who 
. studied a series of primary human breast tumors and showed that . .62% of highly amplified 
genes show moderately or highly elevated expression, and DNA copy number influences gene 
expression across a wide range of DNA copy number alterations (deletion, low-, mid- arid high- 
level amplification), and that on average, a 2-fold change in DNA copy number is associated 
with a corresponding 1.5-fold change in mRNA levels." Thus, these articles collectively teach 
that in general, gene amplification increases mRNA expression . 

The Examiner has asserted that the articles of record by Omtoft et ai, Hyman et al. 
Pollack et aL, do not support a general mRNA/protein correlation, and that Hyman et ai and 
Pollack et ai did not look at polypeptide levels. (Pages 20-28 of the Final Office Action mailed 
April 12, 2007). 

Appellants respectfully submit that the Hyman et ai, and Pollack et al references, as 
stated in Appellants' previous Responses, teach that in general, gene amplification increases 
mRNA expression. Appellants fiirther submit that Dr. Polakis' Declarations and Dr. Scott's 
Declaration were presented to support the position that there is a correlation between mRNA 
levels and polypeptide levels. Thus, taken together , all of the submitted evidence supports 
Appellants' position that gene amplification is more likely than not predictive of increased 
mRNA and polypeptide levels. 

The Examiner has also asserted that the Omtoft et al, reference is not persuasive because 
"the methodology used in the Omtoft reference is different fi^om that of Applicant. (Page 21 of 
the Final Office Action mailed April 12, 2007). 

The Omtoft reference was submitted by the Appellants to show that there was a gene 
dosage effect and teaches that "in general (18 of 23 cases) chromosomal areas with more than 
2-fold gain of DNA showed a corresponding increase in mRNA transcripts." (See column 1, 
Abstract). Based on this reference and on several other references. Appellants have submitted 
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that it is generally well-understood in the art that DNA copy number influences gene expression. 
For example, Omtoft et al studied transcript levels of 5600 genes in malignant bladder cancers 
which were linked to a gain/loss of chromosomal material using an array-based method. 

The Examiner has further criticized Omtoft et al on the basis that Omtofl et al compared 
genes from non-invasive transitional cell carcinomas to genes fi-om invasive transitional cell 
carcinomas. There allegedly was no comparison between genes in cancerous versus non- 
cancerous tissue. (Page 21 of the Final Office Action mailed April 12, 2007). 

Appellants note that Omtofl et al state that it was a strength of the investigation that they 
were able to compare invasive tumors to benign tumors rather than to normal urothelium, as the 
tumors studied were biologically very close and probably represent successive steps in the 
progression of bladder cancer. (Page 44). Accordingly, the identification of the correlation by 
Omtoft et al of a correlation between gene amplification and mRNA overexpression is more 
meaningful. 

The Examiner has criticized the specification on the basis that the specification allegedly 
discloses low levels of amplification of DNA. (Page 22 of the Final Office Action mailed . 
April 12, 2007). 

Appellants note that Omtoft et al states that chromosomal areas with more than a 2-fold 
gain in DNA showed a corresponding increase in mRNA transcripts. (Abstract). Appellants 
note that they have shown a more than 2-fold amplification of PRO 1759 DNA in Example 143. 

With respect to Hyman et al, the Examiner has asserted that the Hyman reference "found 
44% (less than, half) of highly amplified genes showing overexpression at the mRNA level, and 
10.5% of highly overexpressed genes being amplified; thus, even at the level of high 
amplification and high overexpression, the two do not correlate." (Pages 22-23 of the Final 
Office Action mailed April 12, 2007; emphasis in original). 

Appellants submit that the 10.5% figure is not relevant to the issue at hand. One of skill 
in the art would understand that there can be more than one cause of overexpression. The issue 
is not whether overexpression is always, or even typically caused by gene amplification, but 
rather, whether gene amplification typically leads to overexpression. 
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The Examiner's assertion is not consistent with the interpretation Hyman et al. 
themselves place on their data, stating that, "The results illustrate a considerable influence of 
copy number on gene expression patterns." (Page 6242. col. 1; Emphasis added). In the more 
detailed discussion of their results, Hyman et al teach that "[u]p to 44% of the highly amplified 
transcripts (CGH ratio, >2.5) were overexpressed {Le., belonged to the global upper 7% of 
expression ratios) compared with only 6% for genes with normal copy number." (See 
page 6242, col. 1 ; Emphasis added). These details make it clear that Hyman et al set a highly 
restrictive standard for considering a gene to be overexpressed; yet almost half of all highly 
amplified transcripts met even this highly restrictive standard . Therefore, the analysis performed 
by Hyman et al. clearly shows that it is "more likely than not" that a gene which is amplified in 
tumor cells will have increased gene expression. 

The Examiner has alleged that "Pollack et a/., using CGH technology, concentrate on 
large chromosome regions showing high amplification (p. 12965). However, Pollack et al did 
not investigate or show a relationship with amplification and polypeptide expression. 
(Pages 1 1-12 of the Final Office Action mailed April 25, 2005). 

As previously submitted in Appellant's Response of February 2, 2005, Pollack et al. 
profiled DNA copy number alteration across 6,691 mapped human genes in 44 predominantly 
advanced primary breast tumors and 10 breast cancer cell lines. Pollack et al further state, 
"Parallel microarray measurements of mRNA levels reveal the remarkable degree to which 
variation in gene copy number contributes to variation in gene expression in tumor cells." (See 
Abstract). "Genome-wide, of 1 17 high-level DNA amplifications (fluorescence ratios >4, and 
representing 91 different genes), 62% (representing 54 different genes; ...) are found associated 
with at least moderately elevated mRNA levels (mean-centered fluorescence ratios >2), and 42% 
(representing 36 different genes) are found associated with comparably highly elevated mRNA 
levels (mean-centered fluorescence ratios >4)." (See page 12966, column 1). Therefore, the 
analysis performed by Pollack et al. was also on a gene-by gene basis, and clearly shows that "it 
is more likely than not" that a gene which is amplified in tumor cells will have increased gene 
expression. 
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v) Even if a prima facie case of lack of utility has been established, it should be 
withdrawn on consideration of the totality of evidence 

Even if one assumes arguendo that it is more likely than not that there is no correlation 

between gene amplification and increased mRNA/protein expression, which Appellants submit is 

not true, a polypeptide encoded by a gene that is amplified in cancer would still have a specific, 

substantial, and credible utility. In support, Appellants respectfully draw the Board's attention to 

page 2 of the Declaration of Dr. Avi Ashkenazi (submitted with the Response filed 

February 2, 2005) which explains that, 

even when amplification of a cancer marker gene does not result in significant 
over-expression of the corresponding gene product, this very absence of gene 
product over-expression still provides significant information for cancer diagnosis 
and treatment. Thus, if over-expression of the gene product does not parallel gene 
amplification in certain tumof types but does so in others, then parallel monitoring 
of gene amplificafion and gene product over-expression enables more accurate 
tumor classification and hence better determination of suitable therapy. In 
addition, absence of over-expression is crucial information for the practicing 
clinician. If a gene is amplified but the corresponding gene product is not over- 
expressed, the clinician accordingly will decide not to treat a patient with agents 
that target that gene product. 

Appellants thus submit that simultaneous testing of gene amplification and gene product 
over-expression enables more accurate tumor classification, even if the gene-product, the protein, 
is not over-expressed. This leads to better determination of a suitable therapy. Further, as 
explained in Dr. Ashkenazi's Declaration, absence of over-expression of the protein itself is 
crucial information for the practicing clinician. If a gene is amplified in a tumor, but the 
corresponding gene product is not over-expressed, the clinician will decide not to treat a patient 
with agents that target that gene product. This not only saves money, but also has the benefit that 
the patient can avoid exposure to the side effects associated with such agents. 

This utility is further supported by the teachings of the article by Hanna and Momin. 
(Pathology Associates Medical Laboratories, August (1999), submitted with the Response filed 
February 2, 2005). The article teaches that the HER-2/neu gene has been shown to be amplified 
and/or over-expressed in 10%-30% of invasive breast cancers and in 40%-60% of intraductal 
breast carcinomas. Further, the article teaches that diagnosis of breast cancer includes testing 
both the amplification of the HER-2/neu gene (by FISH) as well as the over-expression of the . 
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HER-2/neu gene product (by IHC). Even when the protein is not over-expressed, the assay 
relying on both tests leads to a more accurate classification of the cancer and a more effective 
treatment of it. 

The Examiner has asserted that "Hanna et al supports the rejection, in that Hanna et al. 
show that gene amplification does not reliably correlate with protein over-expression, and thus 
the level of polypeptide expression must be tested empirically." (Page 10 of the Final Office 
Action mailed April 25, 2005). Appellants respectfully point out that the Examiner appears to 
have misread Hanna et al Hanna et al clearly state that gene amplification (as measured by 
FISH) and polypeptide expression (as measured by immunohistochemistry, IHC) are well 
correlated ("in general, FISH and EHC results correlate well" (Hanna et al p, 1, col 2)). It is only 
a subset of tumors which show discordant results. Thus Hanna et al support Appellants' position 
that it is more likely than not that gene amplification correlates with increased polypeptide 
expression. 

Appellants have clearly shown that the gene encoding the PRO 1759 polypeptide is 
amplified in at least three lung and colon tumors. Therefore, the PR01759 gene, similar to the 
HER-2/neu gene disclosed in Hanna et al, is a tumor associated gene. Furthermore, as discussed 
above, in the majority of amplified genes, the teachings in the art overwhelmingly show that gene 
amplification influences gene expression at the mRNA and protein levels. Therefore, one of skill 
in the art would reasonably expect in this instance, based on the amplification data for the 
PR01759 gene, that the PR0179 polypepfide is concomitantly overexpressed. 

However, even if gene amplification does not result in overexpression of the gene product 
{i.e,, the protein) an analysis of the expression of the protein is usefiil in determining the course 
of treatment, as supported by the Ashkenazi Declaration and the Hanna article. The Examiner 
"agrees that evidence regarding lack of over-expression would also be usefiil" but asserts that 
"there is no evidence as to whether the gene products (such as the PR01759 polypeptide) are 
over-expressed or not " and that "[fjurther research is required to determine such." (Pages 9-10 
of the Final Office Action mailed April 25, 2005). The Examiner appears to view the testing 
described in the Ashkenazi Declaration and the Hanna article as experiments involving further 
characterization of the PRO 1759 polypeptide itself In fact, such testing is for the purpose of 
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characterizing not the PRO 1759 polypeptide, but the tumors in which the gene encoding 
PR01759 is ampHfied. The PR01759 polypeptide and the claimed antibodies which bind it are 
therefore useful in tumor categorization, the resuUs of which become an important tool in the 
hands of a physician enabling the selection of a treatment modality that holds the most promise 
for the successful treatment of a patient. 

For the reasons given above, Appellants respectfully submit that the present specification 
clearly describes, details and provides a patentable utility for the claimed invention. 
Accordingly, Appellants respectfully request reconsideration and reversal of the rejection of 
Claims 28-32 under 35 U.S.C. §101. 

ISSUE II: Claims 28-32 satisfy the enabiement requirement of 35 U,S,C, S112, 
first paragraph. 

Claims 28-35 and 38-40 stand rejected under 35 U.S.C. §1 12, first paragraph, allegedly 
"since the claimed invention is not supported by either a specific and substantial asserted utility or a 
well established utility for the reasons set forth above, one skilled in the art clearly would not know 
how to use the claimed invention." 

In this regard, Appellants refer to the arguments and information presented above in 
response to the outstanding rejection under 35 U.S.C. §101, wherein those arguments are 
incorporated by reference herein. Appellants respectfully submit that as described above, the 
PRO 1759 polypeptide have utility in the diagnosis of cancer and based on such a utility, one of 
skill in the art would know exactly how to use the claimed antibodies for diagnosis of cancer, 
without undue experimentation. 

Appellants note that the claimed variants also all share the functional limitation, that "the 
nucleic acid encoding the polypeptide is amplified in lung or colon tumors ." Thus, the recited 
variants have the same function as PRO 1759, and therefore share the same utilities. 
Accordingly, one of ordinary skill in the art would understand exactly how to make and use the 
claimed polypeptides in the diagnosis of lung or colon tumors. 

The present application also describes methods for identifying genes which are amplified 
in lung or colon tumors. Example 143 of the present application provides step-by-step guidelines 
and protocols for the gene amplification assay. By following the disclosure in the specification, 
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one skilled in the art can easily test whether a gene encoding a variant PRO 175 9 protein is 
amplified in lung or colon tumors. 

The specification further describes methods for the determination of percent identity 
between two amino acid sequences. (See page 302, line 4 to page 305, line 4). In fact, the 
specification teaches specific parameters to be associated with the term ''percent identity" as 
applied to the present invention. The specification fiirther provides detailed guidance as to 
changes that may be made to a PRO polypeptide without adversely affecting its activity. 
(Page 354, line 30 to page 357, line 7). This guidance includes a listing of exemplary and 
preferred substitutions for each of the twenty naturally occurring amino acids. (Table 6, 
page 356). Accordingly, one of skill in the art could identify whether the variant PR01759 
sequence falls within the parameters of the claimed invention. Once such an amino acid 
sequence was identified, the specification sets forth methods for making the amino acid 
sequences (see page 354, line 30 to page 358, line 34) and methods of preparing the PRO 
polypeptides. (See page 358, line 35 and onward). 

Therefore, Appellants respectfully submit that one of skill in the art could readily test a 
nucleic acid sequence which encodes a variant polypeptide to determine whether it is amplified 
in lung or colon tumors by the methods set forth in Example 143. Furthermore, one of ordinary 
skill in the art has a sufficiently high level of technical competence to identify sequences with at 
least 80% identity to SEQ ID NO:374. Accordingly, one of ordinary skill could practice the 
claimed invention without undue experimentation. 

The claims currently recite peptide sequences associated with the biological activities. 
These biological activities, together with the well defined relatively high degree of sequence 
identity and general knowledge in the art at the time the invention was made, is believed to 
sufficiently define the claimed genus such that, one skilled in the art, at the effective date of the 
present application, would have known how to make and use the claimed polypeptide sequences 
without undue experimentation. As the M.P.E.P. states, "[t]he fact that experimentation may be 
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complex does not necessarily make it undue, if the art typically engages in such 
experimentation."^^ 

As discussed above, a considerable amount of experimentation is permissible, if it is 
merely routine. Appellants submit that the identification of variant native PRO 1759 polypeptides 
having at least 80% identity to SEQ ID NO: 3 74 which are overexpressed in lung or colon tumors 
can be performed by techniques that were well known in the art at the priority date of this 
application, and that the performance of such work does not require undue experimentation. 

Accordingly, Appellants respectfully request reconsideration and reversal of the 
enablement rejection of Claims 28-35 and 38-40 under 35 U.S.C. §112, first paragraph. 

ISSUE III: Claims 28-32 and 39-40 satisfy the written description requirement of 
35 U.S,C, SI 12. First Paragraph 

Claims 28-32 and 39-40 stand rejected under 35 U.S.C. §1 12, first paragraph, as allegedly 
lacking adequate written description. In particular, the Examiner has asserted that "There is no 
identification of any particular portion of the structure that must be conserved in order to 
conserve the required function." (Page 31 of the Final Office Action mailed April 12, 2007). 

Claims 28-32 recite the functional limitation that the nucleic acid encoding the 
polypeptide is amplified in lung or colon tumors. Accordingly, coupled with the general 
knowledge available in the art at the time of the invention, Appellants submit that the 
specification provides ample written support for the claimed polypeptides in Example 143, where 
methods of detecting and quantifying amplification in several tumors and/or cell lines are 
described. Thus, based on the high percentage of sequence identity and the described methods of 
detecting and quantifying amplification in tumors, one skilled in the art would have known at the 
time of the invention that the Appellants had possession of the claimed polypeptides. 

A. The Legal Test for Written Description 

The well-established test for sufficiency of support under the written description 
requirement of 35 U.S.C. §112, first paragraph, is "whether the disclosure of the appHcation as 

M.P.E.P. §2164.01 citing /« re Certain Limited-charge Cell Culture Microcarriers, 
221 USPQ 1 165, 1 174 (hit'l Trade Comm'n 1983), aff sub nom. Massachusetts Institute of 
Technology v. AB. Fortia, 774 F 2d 1 104, 227 USPQ 428 (Fed. Cir. 1985). 
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originally filed reasonably conveys to the artisan that the inventor had possession at that time of 
the later claimed subject matter, rather than the presence or absence of literal support in the 
specification for the claim language."^'*' The adequacy of written description support is a 
factual issue and is to be determined on a case-by-case basis. The factual determination in a 
written description analysis depends on the nature of the invention and the amount of knowledge 
imparted to those skilled in the art by the disclosure. 

&i Environmental Designs, Ltd. v. Union Oil Co,}"^ the Federal Circuit held, "Factors that 
may be considered in determining level of ordinary skill in the art include: (1) the educational 
level of the inventor; (2) type of problems encountered in the art; (3) prior art solutions to those 
problems; (4) rapidity with which innovations are made; (5) sophistication of the technology; and 
(6) educational level of active workers in the field."*^^ Further, the "hypothetical 'person having 
ordinary skill in the art' to which the claimed subject matter pertains would, of necessity have the 
capability of understanding the scientific and engineering principles applicable to the pertinent 



In reKaslow, 707 F.2d 1366, 1374, 212 USPQ 1089, 1096 (Fed. Cir. 1983). 

See also Vas-CatK Inc. v. Mahurkar, 935 F.2d at 1563, 19 U.S.P.Q.2d at 1116 (Fed. 
Cir. 1991). 

See e.g.. Fa^-Ca/A, 935 R2d at 1563; 19 U,S.P.Q.2d at 1116. 

Union Oil v. Atlantic Richfield Co., 208 F.2d 989, 996 (Fed. Cir. 2000). 

See also M.P.E.P. §2 1 63 n(A). 

713 F.2d 693, 696, 218 U.S.P.Q. 865, 868 (Fed. Cir. 1983), cert, denied, 464 U.S. 
1043 (1984). 

5ee M.P.E.P. §2141.03. 

Ex parte Hiyamizu, 10 U.S.P.Q.2d 1393, 1394 (Bd. Pat. App. & Inter. 1988) (emphasis 

added). 

See a/^o M.P.E.P. §2141.03. 
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B. The Disclosure Provides Sufficient Written Description for the Claimed 
Invention 

Appellants respectfully submit that the instant specification evidences the actual 
reduction to practice of the amino acid sequence of SEQ ID NO:374. The Examiner has 
acknowledged that polypeptides comprising the sequence set forth in SEQ ID NO:374 meet the 
written description provision of 35 U.S.C, §112, first paragraph. Thus, the genus of polypeptides 
with at least 80% sequence identity to SEQ ID NO:374, which possess the functional property of 
being encoded by a nucleic acid which is amplified in lung or colon tumors, would meet the 
requirement of 35 U.S.C. §112, first paragraph, as providing adequate written description. 

Appellants have provided native PRO sequence SEQ ID NO:374. The present 
application describes methods for identifying genes which are amplified in lung or colon tumors. 
Example 143 of the present application provides step-by-step guidelines and protocols for the 
gene amplification assay. By following the disclosure in the specification, one skilled in the art 
can easily test whether the gene encoding a native variant PR01759 protein is amplified in lung 
or colon tumors. 

The specification further describes methods for the determination of percent identity 
between two amino acid sequences. (See page 302, line 4 to page 305, line 4). In fact, the 
specification teaches specific parameters to be associated with the term "percent identity" as 
applied to the present invention. Accordingly, one of skill in the art could identify whether a 
variant PR01759 sequence falls within the parameters of the claimed invention. Once such an 
amino acid sequence is identified, the specification sets forth methods for making the amino acid 
sequences (see page 354, line 30 to page 358, line 34) and methods of preparing the PRO 
polypeptides. (See page 358, line 35 and onward). 

Therefore, Appellants respectfully submit that one of skill in the art could readily test a 
nucleic acid sequence which encodes a variant polypeptide to determine whether it is amplified 
by the methods set forth in Example 143. Accordingly, the specification provides adequate 
written description for polypeptides having at least 80% identity to SEQ ID NO:374 wherein the 
polypeptide is encoded by a nucleic acid which is amplified in lung or colon tumors. 

The Examiner has asserted that "there is no identification of any particular portion of the 
structure that must be conserved in order to conserve the required function" (Page 3 1 of the 
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Final Office Action mailed April 12,2007), Appellants respectfully disagree. First, the 
functional limitation clearly limits the structure of the variants in the obvious sense that a protein 
lacking any structural similarity with SEQ ID NO:374 would not be expected to conserve the 
same function. Second, it is not necessary that the functional limitation be directly linked to 
structure, because the claims already provide a structural limitation, in requiring that the claimed 
variants have at least 80% amino acid sequence identity to SEQ ID NO:374. Appellants 
recognize that there may be polypeptides that are amplified in lung or colon tumors through 
mechanisms unrelated to those of PR01759, and thus do not resemble PR01759 in structure. 
These structurally unrelated polypeptides, however, would not be encompassed by claims 
requiring at least 80% amino acid sequence identity to SEQ ID NO:374. Appellants claim only 
those proteins which meet both limitations of the claims, structural and functional. Given the 
structural limitation, the additional functional limitation clearly acts to further define the claimed 
genus. 

The PTO appears to argue that Appellants must provide a single limitation that describes 
both structural and functional attributes together, asserting that the Written Description 
Guidelines "require a structure function relationship." (Page 31 of the Final Office Action 
mailed April 12, 2007). The Final Office Action fails to explain where this requirement is found 
in the Written Description Guidelines. 

Appellants further note that there is no "structure function relationship" provided in 
Example 9. Rather, the claims in Example 9 resemble the instant claims in providing both a 
structural limitation (given that polynucleotides which hybridize to the reference sequence under 
stringent conditions would share significant sequence identity), together with a separate 
functional limitation, that the encoded polypeptides have adenylate cyclase activity. Since the 
structural limitation pertains to the polynucleotides, while the functional limitation pertains to the 
encoded polypeptides, it is difficult to see how there can be a direct structure function 
relationship. 

The Board's attention is respectfully directed to Example 14 of the Synopsis of 
Application of Written Description Guidelines issued by the U.S. Patent Office, which clearly 
states that protein variants meet the requirements of 35 U.S.C. §112, first paragraph, as providing 
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adequate written description for the claimed invention even if the specification contemplates but 
does not exemplify variants of the protein if: (1) the procedures for making such variant proteins 
are routine in the art, (2) the specification provides an assay for detecting the functional activity 
of the protein, and (3) the variant proteins possess the specified functional activity and at least 
95% sequence identity to the reference sequence. 

As discussed above, the procedures for making the claimed variant proteins are well 
known in the art and described in the specification. The specification also provides assays, 
shown in Example 143, for detecting the recited functional activities of the claimed variants. 
Finally, the claimed variant proteins possess both the specified functional activity and a defined 
degree of sequence identity to the reference sequence, SEQ ED NO:374, Accordingly, the 
claimed variants meet the standards set forth in the Written Description Guidelines. 

Accordingly, the specification provides adequate written description for polypeptides 
having at least 80% identity to SEQ ID NO:374 as well as for polypeptides having at least 80% 
identity to SEQ ID NO:374 wherein the nucleic acid encoding the polypeptide is amplified in 
lung or colon tumors. Appellants therefore respectfully request reconsideration and reversal of 
the written description rejection of Claims 28-32 and 39-40 under 35 U.S.C. §112, first 
paragraph. 

CONCLUSION 

For the reasons given above. Appellants submit that the gene amplification results 
disclosed in Example 143 provide a specific and substantial patentable utility for the claimed 
PRO 1759 polypeptides and based upon these results one of ordinary skill in the art would 
understand how to use the claimed polypeptides in the diagnosis of lung or colon tumors. 
Therefore, Claims 28-35 and 38-40 meet the requirements of 35 U.S.C, §101 and §112, first 
paragraph. 

Appellants fiirther submit that Claims 28-32 and 39-40 meet the written description 
requirement of 35 U.S.C. §112, first paragraph. 

Accordingly, reversal of all the rejections of Claims 28-35 and 38-40 is respectfully 
requested. 
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8, CLAIMS APPENDIX 

Claims on Appeal 

1-27. (canceled) 

28. An isolated native sequence polypeptide comprising a polypeptide having at least 
80% sequence identity to: 

(a) the amino acid sequence of the polypeptide of SEQ ID NO:374; 

(b) the amino acid sequence of the polypeptide of SEQ ID NO:374, lacking its 
associated signal peptide; or 

(c) the amino acid sequence of the polypeptide encoded by the full-length coding 
sequence of the cDNA deposited under ATCC accession number 203465; 

wherein the nucleic acid encoding the polypeptide is amplified in lung or colon tumors. 

29. The isolated native sequence polypeptide of Claim 28 comprising a polypeptide 
having at least 85% sequence identity to: 

(a) the amino acid sequence of the polypeptide of SEQ ID NO:374; 

(b) the amino acid sequence of the polypeptide of SEQ ID NO:374, lacking its 
associated signal peptide; or 

(c) the amino acid sequence of the polypeptide encoded by the full-length coding 
sequence of the cDNA deposited under ATCC accession number 203465; 

wherein the nucleic acid encoding the polypeptide is amplified in lung or colon tumors. 

30. The isolated native sequence polypeptide of Claim 28 comprising a polypeptide 
having at least 90% sequence identity to: 

(a) the amino acid sequence of the polypeptide of SEQ ID NO: 3 74; 

(b) the amino acid sequence of the polypeptide of SEQ ID NO:374, lacking its 
associated signal peptide; or 

(c) the amino acid sequence of the polypeptide encoded by the full-length coding 
sequence of the cDNA deposited under ATCC accession number 203465; 

wherein the nucleic acid encoding the polypeptide is amplified in lung or colon tumors. 
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3 1 . The isolated native sequence polypeptide of Claim 28 comprising a polypeptide 
having at least 95% sequence identity to: 

(a) the amino acid sequence of the polypeptide of SEQ ED NO:374; 

(b) the amino acid sequence of the polypeptide of SEQ ID NO:374, lacking its 
associated signal peptide; or 

(c) the amino acid sequence of the polypeptide encoded by the full-length coding 
sequence of the cDNA deposited under ATCC accession number 203465; 

wherein the nucleic acid encoding the polypeptide is amplified in lung or colon tumors. 

32. The isolated native sequence polypeptide of Claim 28 comprising a polypeptide 
having at least 99% sequence identity to: 

(a) the amino acid sequence of the polypeptide of SEQ ID NO:374; 

(b) the amino acid sequence of the polypeptide of SEQ ID NO:374, lacking its 
associated signal peptide; or 

(c) the amino acid sequence of the polypeptide encoded by the full-length coding 
sequence of the cDNA deposited under ATCC accession number 203465; 

wherein the nucleic acid encoding the polypeptide is amplified in lung or colon tumors. 

33. An isolated polypeptide comprising: 

(a) the amino acid sequence of the polypeptide of SEQ ID NO:374; 

(b) the amino acid sequence of the polypeptide of SEQ ID NO:374, lacking its 
associated signal peptide; or 

(c) the amino acid sequence of the polypeptide encoded by the full-length coding 
sequence of the cDNA deposited under ATCC accession number 203465. 

34. The isolated polypeptide of Claim 33 comprising the amino acid sequence of the 
polypeptide of SEQ ID NO:374. 

35. The isolated polypeptide of Claim 33 comprising the amino acid sequence of the 
polypeptide of SEQ ID NO:374, lacking its associated signal peptide. 

36. (canceled) 
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37. (canceled) 

38. The isolated polypeptide of Claim 33 comprising the amino acid sequence of the 
polypeptide encoded by the full-length coding sequence of the cDNA deposited under ATCC 
accession number 203465. 

39. A chimeric polypeptide comprising a polypeptide according to Claim 28 fiised to 
a heterologous polypeptide. 

40. The chimeric polypeptide of Claim 39, wherein said heterologous polypeptide is 
an epitope tag or an Fc region of an immunoglobulin. 
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9. EVIDENCE APPENDIX 

1 . Declaration of Audrey D. Goddard, Ph.D. under 37 C.F.R. §1.132, with attached 
Exhibits A-G: 

A. Curriculum Vitae of Audrey D. Goddard, Ph.D. 

B. Higuchi, R. et al , "Simultaneous amplification and detection of specific DNA 
sequences," Biotechnology 10:413-417 (1992). 

C. Livak, K.J., et al, "Oligonucleotides with fluorescent dyes at opposite ends provide 
a quenched probe system useful for detecting PCR product and nucleic acid hybridization," PCR 
Methods Appl 4:357-362 (1995). 

D. Heid, C. A. et al , "Real time quantitative PCR," Genome Res. 6:986-994 (1 996). 

E. Pennica, D. et al, "WISP genes are members of the connective tissue growth factor 
family that are up-regulated in Wnt-1 -transformed cells and aberrantly expressed in human colon 
tumors," Proc, Natl Acad, Scl USA 95:14717-14722 (1998). 

F. Pitti, R.M. et al , "Genomic amplification of a decoy receptor for Fas ligand in lung 
and colon cancer," Nature 396:699-703 (1998). 

G. Bieche, I. et al, "Novel approach to quantitative polymerase chain reaction using 
real-time detection: Application to the detection of gene amplification in breast cancer," Int. J. 
C^wcer 78:661-666 (1998). 

2. Declaration of Paul Polakis, Ph.D. under 37 C.F.R. §1.132. 

3. Declaration of Avi Ashkenazi, Ph.D. under 37 C.F.R. §1.132; with attached 
Exhibit A (Curriculum Vitae). 

4. Omtoft, T.F., et al , "Genome-wide Study of Gene Copy Numbers, Transcripts, 
and Protein Levels in Pairs of Non-Invasive and Invasive Human Transitional Cell Carcinomas," 
Molecular & Cellular Proteomics 1 :37-45 (2002). 

5. Hyman, E., et al , "Impact of DNA Amplification on Gene Expression Patterns in 
Breast Cancer," Cancer Research 62:6240-6245 (2002). 
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6. Pollack, J.R., et al, "Microarray Analysis Reveals a Major Direct Role of DNA 
Copy Number Alteration in the Transcriptional Program of Human Breast Tumors," Proc, Natl 
Acad. ScL USA 99:12963-12968 (2002). 

7. Hanna, J.S., et ai, "HER-2/neu Breast Cancer Predictive Testing," Pathology 
Associates Medical Laboratories ( 1 999). 

8. Pennica, D. et ai, "WISP genes are members of the connective tissue growth factor 
family that are up-regulated in Wnt-1 -transformed cells and aberrantly expressed in human colon 
tumors," Proc. Natl Acad, ScL USA 95:14717-14722 (1998). 

9. Declaration of Paul Polakis, Ph.D. under 35 C.F.R. §1.132 (Polakis II). 

10. Li et al, 2006, Oncogene, 25: 2628-2635. 

Items 1-3 were submitted with Appellants* Amendment and Response filed on February 2, 2005, 
and made of record by the Examiner in the Final Office Action mailed April 25, 2005. 

Item 2 was submitted with Appellants' Response filed on February 2, 2005, and made of record by 
the Examiner in the Final Office Action mailed April 25, 2005. 

Items 4-7 were submitted with Appellants Response filed on February 2, 2005, and considered by 
the Examiner in the Final Office Action mailed April 25, 2005. 

Item 8 was made of record by the Examiner in the Office Action mailed November 4, 2004. 

Item 9 was submitted with Appellants' Preliminary Amendment filed August 7, 2006, and 
considered by the Examiner in the Office Action mailed October 25, 2006. 

Item 10 was submitted with Appellants' Response filed January 25, 2007, and considered by the 
Examiner in the Final Office Action mailed on April 12, 2007, 
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10. RELATED PROCEEDINGS APPENDIX 

None. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Application of: Ashkenazi et al. 

Serial No.: 09/903,925 

Filed: July 11,2001 

For: SECRETED AND 

TRANSMEMBRANE 
POLYPEFTTOES AND NUCLEIC 
ACIDS 


GrouD Art Unit" 1647 

Examiner: Fozia Hamid 
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DECLARATION OF AUDREY P. GODDARD. Ph.D UNDER 37 C.Y.TL S 1.132 

Assistant Commissioner of Patents 
Washington, D.C. 20231 

Sir: 

1, Audrey D. Goddard, PttD. do hereby declare and say as follows: 

1 . I am a Senior Chnical Scientist at the Experimental Medicine/BioOncology, Medical 
Affairs Department of Genentech, Inc., South San Francisco, California 94080. 

2. Between 1 993 and 200 1 , 1 headed the DNA Sequencing Laboratory at the Molecular 
Biology Department of Genentech, Inc. During this time, my responsibilities included the 
identification and characterization of genes contributing to the oncogenic process, and determination 
of the chromosomal localization of novel genes. 

3. My scientific Curriculum Vitae, including my list of publications, is attached to and 
forms part of this Declaration (Exhibit A). 



Serial No.:* 
Filed: ♦ 

4. I am familiar with a variety of techniques known in the art for detecting and 
quantifying the amplification of oncogenes in cancer, including the quantitative TaqMan PCR (i.e., 
"gene amplification") assay described in the above captioned patent application. 

5. The TaqMan PCR assay is described, for example, in the following scientific 
publications: Higuchi et aL, Biotechnology 10:413-417 (1992) (Exhibit B); Livak et al, PCR 
Methods Appl., 4:357-362 (1995) (Exhibit C) and Heid et ai. Genome Res. 6:986-994 (1996) 
(Exhibit D). Briefly, the assay is based on the principle that successfiil PCR yields a fluorescent 
signal due to Taq DNA polymerase-mediated exonuclease digestion of a fluorescently labeled 
oligonucleotide that is homologous to a sequence between two PCR primers. The extent of 
digestion depends directly on the amount of PCR, and can be quantified accurately by measuring the 
increment in fluorescence that results fi*om decreased energy transfer. This is an extremely sensitive 
technique, which allows detection in the exponential phase of the PGR reaction and, as a result, 
leads to accurate determination of gene copy number. 

6. The quantitative fluorescent TaqMan PCR assay has been extensively and 
successfiilly used to characterize genes involved in cancer development and progression. 
Amplification of protooncogenes has been studied in a variety of human tumors, and is widely 
considered as having etiological, diagnostic and prognostic significance. This use of the quantitative 
TaqMan PCR assay is exemplified by the following scientific publications: Pennica et al, Proc. 
Natl. Acad. Sci. USA . 95(25): 147 17- 14722 (1998) (Exhibit E); Pitti et al. Nature 
396(67 12);699-703 (1998) (Exhibit F) and Bieche et g/,. Int. J. Cancer 78:661-666 (1998) (Exhibit 
G), the first two of which I am co-author. In particular, Pennica et al have used the quantitative 
TaqMan PCR assay to study relative gene amplification of WISP and c-myc in various cell lines, 
colorectal tumors and normal mucosa. Pitti et al studied the genomic amplification of a decoy 
receptor for Fas ligand in lung and colon cancer, using the quantitative TaqMan PCR assay. Bieche 
et ai used the assay to study gene amplification in breast cancer. 
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7. It is my personal experience that the quantitative TaqMan PGR technique is 
technically sensitive enough to detect at least a 2-fold increase in gene copy number relative to 
control. It is further my considered scientific opinion that an at least 2-fold increase in gene copy 
number in a tumor tissue sample relative to a normal (i.e., non-tumor) sample is significant and 
useful in that the detected increase in gene copy number in the tumor sample relative to the normal 
sample serves as a basis for using relative gene copy number as quantitated by the TaqMan PGR 
technique as a diagnostic marker for the presence or absence of tumor in a tissue sample of unknown - 
pathology. Accordingly, a gene identified as being amplified at least 2-fold by the quantitative 
TaqMan PGR assay in a tumor sample relative to a normal sample is useful as a marker for the 
diagnosis of cancer, for monitoring cancer development and/or for measuring the efiBcacy of cancer 
therapy. 

8. I declare further that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true. I declare that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Gode, and that such willful false statements may jeopardize the vaHdity of the application or any 
patent issuing thereon. 



Date 



Audrey D. Goddard, Ph.D. 



AUDREY D. GODDARD, Ph.D. 



Genentech, Inc. 
1 DNA Way 

South San Francisco, CA, 94080 

650.225.6429 

goddarda@gene.conri 



110 Congo St. 

San Francisco, CA, 94131 

415.841.9154 

415.819.2247 (mobile) 

agoddard@pacbell.net 



PROFESSIONAL EXPERIENCE 



Genentech, Inc. 



1993-present 



South San Francisco, CA 

2001 - present Senior Clinical Scientist 

Experinnental Medicine / BioOncology, Medical Affairs 

Responsibilities: 

• Companion diagnostic oncology products 

• Acquisition of clinical samples from Genentech's clinical trials for translational research 

• Translational research using clinical specimen and data for drug development and 
diagnostics 

• Member of Development Science Review Committee, Diagnostic Oversight Team, 21 CFR 
Part 1 1 Subteam 

Interests: 

• Ethical and legal implications of experiments with clinical specimens and data 

• Application of pharmacogenomics in clinical trials 



1998 - 2001 Senior Scientist 

Head of the DNA Sequencing Laboratory. Molecular Biology Department, Research 
Responsibilities: 

• Management of a laboratory of up to nineteen -including postdoctoral fellow, associate 
scientist, senior research associate and research assistants/associate levels 

• Management of a $750K budget 

• DNA sequencing core facility supporting a 350+ person research facility, 

• DNA sequencing for high throughput gene discovery, - ESTs, cDNAs, and constructs 

• Genomic sequence analysis and gene identification 

• DA/A sequence and primary protein analysis 

Research: 

• Chromosomal localization of novel genes 

• Identification and characterization of genes contributing to the oncogenic process 

• Identification and characterization of genes contributing to inflammatory diseases 

• Design and development of schemes for high throughput genomic DNA sequence analysis 

• Candidate gene prediction and evaluation 
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1993-1998 



Scientist 



Head of the DNA Sequencing Laboratory, Molecular Biology Department, Research 
Responsibilities 

• DNA sequencing core facility supporting a 350+ person research facility 

• Assumed responsibility for a pre-existing team of five technicians and expanded the group 
into fifteen, introducing a level of middle management and additional areas of research 

• Participated in the development of the basic plan for high throughput secreted protein 
discovery program - sequencing strategies, data analysis and tracking, database design 

• High throughput EST and cDNA sequencing for new gene identification. 

• Design and implementation of analysis tools required for high throughput gene identification. 

• Chromosomal localization of genes encoding novel secreted proteins. 

Research: 

• Genomic sequence scanning for new gene discovery. 

• Development of signal peptide selection methods. 

• Evaluation of candidate disease genes. 

• Growth hormone receptor gene SNPs in children with Idiopathic short stature 

Imperial Cancer Research Fund 1989-1992 
London, UK with Dr. Ellen Solomon 

6/89-12/92 Postdoctoral Fellow 

• Cloning and characterization of the genes fused at the acute promyelocytic leukemia 
translocation breakpoints on chromosomes 17 and 15. 

• Prepared a successfully funded European Union multi-center grant application 

McMaster University 1983 
Hamilton, Ontario, Canada with Dr. G. D. Sweeney 

5/83 - 8/83: NSERC Summer Student 

• In vitro metabolism of p-naphthoflavone in C57BI/6J and DBA mice 



EDUCATION 



Ph.D. 



University of Toronto 
Toronto. Ontario, Canada. 
Department of Medical 
Biophysics. 



"Phenotypic and genotypic effects of mutations in 
the human retinoblastoma gene." 
Supervisor: Dr. R. A. Phillips 



1989 



Honours B.Sc 

"The in vitro metabolism of the cytochrome P-448 
inducer p-naphthoflavone in C57BL/6J mice." 
Supervisor: Dr. G. D. Sweeney 



McMaster University, 
Hamilton, Ontario, Canada. 
Department of Biochemistry 



1983 
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ACADEMIC AWARDS 

Imperial Cancer Research Fund Postdoctoral Fellowship 

Medical Research Council Studentship 

NSERC Undergraduate Summer Research Award 

Society of Chemical Industry Merit Award (Hons. Biochem.) 

Dr. Harry Lyman Hooker Scholarship 

J.LW. Gill Scholarship 

Business and Professional Women's Club Scholarship 
Wyerhauser Foundation Scholarship 



INVITED PRESENTATIONS 

Genentech's gene discovery pipeline: High throughput identification, cloning and 
characterization of novel genes. Functional Genomics: From Genome to Function, Litchfield 
Park, AZ, USA. October 2000 

High throughput identification, cloning and characterization of novel genes. G2K:Back to 
Science, Advances in Genome Biology and Technology I. Marco Island, FL, USA. February 
2000 

Quality control in DNA Sequencing: The use of Phred and Phrap. Bay Area Sequencing 
Users Meeting, Berkeley, CA, USA. April 1999 

High throughput secreted protein identification and cloning. Tenth International Genome 
Sequencing and Analysis Conference, Miami, FL, USA. September 1998 

The evolution of DNA sequencing: The Genentech. perspective. Bay Area Sequencing Users 
Meeting. Berkeley, CA, USA. May 1998 

Partial Growth Hormone Insensitivity: The role of GH-receptor mutations in Idiopathic Short 
Stature. Tenth Annual National Cooperative Growth Study Investigators Meeting. San 
Francisco, CA, USA. October. 1996 

Growth hormone (GH) receptor defects are present in selected children with non-GH-deficient 
short stature: A molecular basis for partial GH-insensitivity. 76^^ Annual Meeting of The 
Endocrine Society, Anaheim. CA. USA. June 1994 

A previously uncharacterized gene, myl, is fused to the retinoic acid receptor alpha gene in 
acute promyelocytic leukemia. XV International Association for Comparative Research on 
Leukemia and Related Disease, Padua. Italy. October 1991 




1989-1992 
1983-1988 
1983 
1983 

1981-1983 
1981-1982 
1980-1981 
1979-1980 
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PATENTS 

Goddard A. Godowski PJ, Gurney AL. NL2 Tie ligand homologue polypeptide. Patent 
Number: 6.455.496. Date of Patent: Sept. 24. 2002. 

Goddard A. Godowski PJ and Gurney AL. NL3 Tie ligand homologue nucleic acids. Patent 
Number: 6.426,218. Date of Patent: July 30. 2002. 

Godowski P. Gurney A. Hillan KJ. Botstein D. Goddard A, Roy M. Ferrara N, Tumas D, 
Schwall R. NL4 Tie ligand homologue nucleic acid. Patent Number: 6.4137.770. Date of 
Patent: July 2, 2002. 

Ashkenazi A. Fong S. Goddard A. Gurney AL. Napier MA. Tumas D. Wood Wl. Nucleic acid 
encoding A-33 related antigen poly peptides. Patent Number: 6.410.708. Date of Patent:: 
Jun. 25. 2002. 

Botstein DA, Cohen RL, Goddard AD, Gurney AL, Hillan KJ, Lawrence DA, Levine AJ. 
Pennica D, Roy MA and Wood Wl. WISP polypeptides and nucleic acids encoding same. 
Patent Nurnber: 6.387,657. Date of Patent: May 14. 2002. 

Goddard A. Godowski PJ and Gurney AL. Tie ligands. Patent Number: 6,372.491. Date of 
Patent: April 16, 2002. 

Godowski PJ. Gurney AL. Goddard A and Hillan K. TIE ligand homologue antibody. Patent 
Number: 6.350.450. Date of Patent: Feb. 26, 2002. 

Fong S, Ferrara N, Goddard A, Godowski PJ, Gurney AL, Hillan K and Williams PM. Tie 
receptor tyrosine kinase ligand homologues. Patent Number: 6,348.351. Date of Patent: 
Feb. 19, 2002. 

Goddard A. Godowski PJ and Gurney AL. Ligand homologues. Patent Number: 6,348.350. 
Date of Patent: Feb. 19, 2002. 

Attie KM, Carlsson LMS, Gesundheit N and Goddard A. Treatment of partial growth 
hormone insensitivity syndrome. Patent Number: 6.207,640. Date of Patent: March 27, 
2001. 

Fong S, Ferrara N, Goddard A, Godowski PJ, Gurney AL, Hillan K and Williams PM. Nucleic 
acids encoding NL-3. Patent Number: 6,074,873. Date of Patent: June 13, 2000 

Attie K, Carlsson LMS, Gesunheit N and Goddard A. Treatment of partial growth hormone 
insensitivity syndrome. Patent Number: 5,824,642. Date of Patent: October 20, 1998 

Attie K, Carlsson LMS, Gesunheit N and Goddard A. Treatment of partial growth hormone 
insensitivity syndrome. Patent Number: 5,646,1 13. Date of Patent: July 8, 1997 

Multiple additional provisional applications filed 
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PUBLICATIONS 

Seshasayee D, Dowd P. Gu Q. Erickson S, Goddard AD' Comparative sequence analysis of 
the HER2 locus in mouse and man. Manuscript in preparation, 

Abuzzahab MJ, Goddard A, Grigorescu F, Lautier C, Smith RJ and Chernausek SD. Human 
IGF-1 receptor mutations resulting in pre- and post-natal growth retardation. Manuscript in 
preparation. 

Aggarwal S, Xie. M-H, Foster J. Frantz G. Stinson J, Corpuz RT. Simmons L, Hillan K, 
Yansura DG. Vandlen RL, Goddard AD and Gurney AL. FHFR. a novel receptor for the 
fibroblast growth factors. Manuscript submitted. 

Adams SH, Chui C, Schilbach SL, Yu XX, Goddard AD, Grimaldi JC, Lee J, Dowd P, Colman 
S., Lewin DA. (2001) BFIT, a unique acyl-CoA thioesterase induced in thermogenic brown 
adipose tissue: Cloning, organization of the human gene, and assessment of a potential link 
to obesity. Biochemical Journal 360: 135-142. 

Lee J. Ho WH. Maruoka M. Corpuz RT. Baldwin DT. Foster JS. Goddard AD. Yansura DG. 
Vandlen RL. Wood Wl. Gurney AL. (2001) IL-17E, a novel proinflammatory ligand for the IL- 
17 receptor homolog IL-17Rh1. Journal of Biological Chemistry 27 6{2): 1660-1664. 

Xie M-H, Aggarwal S, Ho W-H, Foster J, Zhang Z, Stinson J. Wood Wl, Goddard AD and 
Gurney AL. (2000) Interleukin (IL)-22, a novel human cytokine that signals through the 
interferon-receptor related proteins CRF2-4 and IL-22R. Journal of Biological Chemistry 275: 
31335-31339. 

Weiss GA, Watanabe CK, Zhong A, Goddard A and Sidhu SS. (2000) Rapid mapping of 
protein functional epitopes by combinatorial alanine scanning. Proc. Natl. Acad. Sci. USA 97: 
8950-8954, 

Guo S, Yamaguchi Y, Schilbach S, Wada T.;Lee J, Goddard A, French D , Handa H, 
Rosenthal A (2000) A regulator of transcriptional elongation controls vertebrate neuronal 
development. Nature 408: 366-369. 

Yan M, Wang L-C, Hymowitz SG, Schilbach S, Lee J, Goddard A, de Vos AM, Gao WQ, Dixit 
VM. (2000) Two-amino acid molecular switch in an epithelial morphogen that regulates 
binding to two distinct receptors. Science 290: 523-527. 

Sehl PD, Tai JTN, Hillan KJ, Brown LA. Goddard A, Yang R, Jin H and Lowe DG. (2000) 
Application of cDNA microarrays in determining molecular phenotype in cardiac growth, 
development, and response to injury. Circulation 101: 1990-1999. 

Guo S, Brush J, Teraoka H, Goddard A, Wilson SW, Mullins MC and Rosenthal A. (1999) 
Development of noradrenergic neurons in the zebrafish hindbrain requires BMP. FGF8, and 
the homeodomain protein soulless/Phox2A. Neuron 24: 555-566. 

Stone D, Murone. M, Luoh, S, Ye W, Armanini P, Gurney A, Phillips HS, Brush, J, Goddard 
A, de Sauvage FJ and Rosenthal A. (1999) Characterization of the human suppressor of 
fused; a negative regulator of the zinc-finger transcription factor Gli. J. Cell ScL 112: 4437- 
4448. 

Xie M-H, Holcomb I. Deuel B, Dowd P, Huang A, Vagts A. Foster J, Liang J, Brush J. Gu Q. 
Hillan K, Goddard A and Gurney. A.L. (1999) FGF-19, a novel fibroblast growth factor with 
unique specificity for FGFR4. Cytokine 1 1 : 729-735. 
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Yan M. Lee J. Schilbach S, Goddard A and Dixit V, (1999) mE10. a novel caspase 
recruitment domain-containing proapoptotic molecule. J. Biol. Chem, 274(15): 10287-10292. 

Gurney AL, Marsters SA, Huang RM, Pitt! RM, Mark DT, Baldwin DT, Gray AM, Dowd P, 
Brush J, Heldens S, Schow P, Goddard AD, Wood W I, Baker KP, Godowski PJ and 
Ashkenazi A. (1999) Identification of a new member of the tumor necrosis factor family and its 
receptor, a human ortholog of mouse GITR. Current Biology 9(4): 215-218. 

Ridgway JBB. Ng E, Kern JA ,Lee J, Brush J. Goddard A and Carter P, (1999) identification 
of a human anti-CD55 single-chain Fv by subtractive panning of a phage library using tumor 
and nontumor cell lines. Cancer Research 59: 2718-2723. 

Pitti RM, Marsters SA, Lawrence DA, Roy M. Kischkel FC, Dowd P. Huang A, Donahue CJ. 
Sherwood SW, Baldwin DT, Godowski PJ. Wood Wl, Gurney AL, Hillan KJ, Cohen RL, 
Goddard AD, Botstein D and Ashkenazi A. (1998) Genomic amplification of a decoy receptor 
for Fas ligand in lung and colon cancer. Nature 396(6712): 699-703. 

Pennica D, Swanson TA, Welsh JW, Roy MA, Lawrence DA, Lee J, Brush J. Taneyhill LA, 
Deuel B. Lew M, Watanabe C. Cohen RL, Melhem MF, Finley GG. Quirke P. Goddard AD. 
Hillan KJ, Gurney AL. Botstein D and Levine AJ. (1998) WISP genes are members of the 
connective tissue growth factor family that are up-regulated in wnt-1 -transformed cells and 
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Wc have enhanced the polymerase chain 
reaction (FCR) such that specific DNA 
sequences can be detected without open- 
ing the reaction tube* This enhancement 
requires the addition of ethidium bronaide 
(EtBr) to a PCR* Since the fluorescence of 
EtBr increases in tib.e presence of double* 
stranded (ds) DNA ail Increase in finot^s- 
cence in such a PGR indicates a positive 
amplification^ which can be eiisily mcmi* 
tored externally* In fact, amplification can 
be continuously monitored in order to 
follow its progress. The ability to siiuuka- 
ticou^Iy amplify specific DNA sequences 
and detect the product of the amplification 
both simplifies and improves PGR and 
may facilitate its automation and more 
widespread use in the clinic or in other 
situations requiring high sample itough- 
put 

Although tljc poteaitial bjcncfim of I»CR* to cliu- 
tcal (Mgnoito ftrc well kiiowi^''*, it h siill not 
widely used in tbis setting, even tliough it is 
fmr yearft einoo tKcrnwf*abl* DNA po*ym(^t-- 
made PCR twf?ikcd<al. Some of ihe rieasbns for f ta slow. 
aoccpLancc are high cost, taitk of automatkm of pre-r and 
fxwt-PCR processing ftteps, and false positive resuUs. fironx 
carryover-contamination. The Em two points arc rdated 
in that labor is the largest contributor to costflit the present 
stage of PCR dcvclopmeat. Moat turrcrtt assays require 
Bomc form of "downstream" processing once thetinocy.. 
ding IS done in order lo determine whether the target 
r*NA sequence was present awd has ampltficd. These 
include DNA hybridiwdon*-*, gel efectropborcsis with or 
>»'ithout use of rcstriaion digestion^;*/ H PU?, or capxHary 
rlectrophorcsis**^. These methods arc labor^mcnse, have, 
low throughput, and are difiBcuk to automate. The third 
point is a£o cloM:*y related to downstream processing. 
The handling of the TCSi prodwa in these dfownslream 
processes increases the chances that ainpJtBed DNA'.wiU 
<piead through the t]^ing lab» resuiong in a .risk of 



"caTryovet" fi^lse positives in subsequent testing". 

These downstream processing steps would be e^li* 
nated if specific aniplincadon and detection of amplified 
DNA took place simuhanconsly within an unopened re- 
action vessel Assays m vthkh such dilFerent prtKCSses take 
j^ce witbotit.the need to separate reaction eonaponenis 
have been termed •'homogeneous'". >?o truly hbmogc-. 
heous PGR assay has been demonstrated to date, although 
progress tOw?«rd$ this end has been reported. C3iehab, et 
aj.'% developed a PCR product detection scheme using 
fluorescent primers that resulted in a fioorcficent PCR 
product Alle^c-spedfic primers, each vrith different fiuo- 
rescent tags, were used to indicate the genotype of the 
DNA. However, the onincorporaied primers tnust still be 
removed in a do wnstream process in order to vtisuaKzj; the 
lesult Recently, Holland, et aL^', developed an assay in 
which the endojgenous 6' exOnudease assay of r<2f DNA 
polymerase was exploited to cleave a labeled oJjgonudeo- 
tide probe. The probe would only deave if PCR ampJift- 
cation had procfuced its ooropleaieatai'y setjucnce. to 
order to detect the dcavage pt^uds, however, a subse- 
quent proccs;^ is again ne^ed. . 

We have developed a truly homogeneous assay for PCR 
and PGR product detecdbn based upon the gready in- 
creased fluorcsccnoc that ethidiuin broinide and other 
DNA binding dyes exhibit wheo they are bound to.ds- 
DNA^*^*'. As outHnoc) in Figure i, a prototypic PCR 



/ 



tbONA. cotMsiaing 



sDNApriiMc* 




Inly >tjDKA 



nOVU 1 Princi]^ of simultaneous amplificotioii and-dcteaion of 
PCR producL The compooenu of a PGR cooiainm^ £iBr chat are 
flucrescsnt are listed— StBf itself, EtBr bound to csthcr ssDN A ot 
daDN A. There l«: a large fijwrcsccncc cnhancrzjicnt when EtBr is 
bound to DNA and hmding ia gi'catly enhanced when DNA is 
doublc-UTstndcd* After sumdent <n)..cjdcs of PCR» the net 
incTcaM tn dsDNA renida in additioinl £tBr bindmg, and a net 
iDcrcase in total 'Aucirc50cn«£: 
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^ a Gel clccirophoresis of PCR aiimplification prodiicts of ihc 

human, mtdc&r gene, HLA DQ<i, ma<te in the preseocc of 
inCTX^wmg amouDCs of EtBr (up to 8 jig^m?). The presence of 
Et3r Iws no obvious efiect on Ac yklA or spcdi^city of amnlifi- 
cauoo. 



A. 




B. 




RGinS % (A) FtU0T<^nce measurement* fix>m PCRs that coniairi 
0.5 jigj'iij ElBr znd th^t ^tr specific for Y-<])rotno50jDDc repeat 
iuwoencc*. Fivt rrrpUcatc PCRs. tvcrr begun cont;ilnlng each of the 
DN As 9pedfi«d. At jrach indicucd cyde, one of the nvc rtplkatc 
PCRs for each DNA -was p croovcd from thcrmocycling and tts 
fluorcficcncc measured. Uniu of fiuoreaccnce ftrt ^Ttnuary. (E) 
UV pboto^phy of PGR tubes (O.S m] Eppcndorf-^tylc:, ixHyprO- 
pylcne tn1a^^<entrifuRc itubes) cont»mfng reactions* those stzxt^ 
ing from t ng^ ni2}e DNA and control rcactione ifithout any DMA, 
from(^ 



begins with primers that are ftingle-strandcd DNA (ss^ 
DNA), dNTFs, aiwl DNA polymerase^ An amount of 
diiDNA contaiiiiTig ihc target sequence (target DNA) k 
also typically present. Th5$ sunouat can vary, depending 
on the application, from sing^Ie-ceU axsiounts of DNA*^ to 
microhms per ?GR^^ If EtBr is present^ the reagenti; 
that wiU fluore8(x, in order of tncrcakttp^ flutfrcsccnoe, are 
Ctcc EiBr x^lf, and EtBr bound to the singk-fitrartdcd 
DNA priiuers and to the doublc^tranded target DNA (by 
its intercalauon between the stacked ba^cs of the DNA 
doublc-hdSx)* After the first denatuntion cyde, target 
DNA will be largety sin^-stranded. After a PCR. ia 
completed, the most significant change is the increase in 
the amount of dsDNA (the PGR* prooua itself) of up to 
several tnierogrTinis. Formerly free EtBr is bound to the 
additional dsDNA« resulting in an increase in ftuqrcs- 
ccnoe. There is also some decrease in the atnotini of 
ssDNA primer^ but becauM: the bindbig of EtBr to ssDN A 
is tnuch less than to dsDNAi the effj^ct of this change on 
the total fluore$ccricc of the sample is smalL The jRuorcs- 
cenc.e increase can be measured by directing excitation 
illumination thn>iigh the wails of the amplificaiion vessel 




before and after, or even ocmiiovtously during, thermocy- 
ding. ^ 

RESULTS 

PCR in &e preseace of EtBr. lt> order to assefss tht 
affect of EtBr in PCR, amphScations of the human HI^A 
DQ.a gtoe*^ v-ere performed with the dye prtsent a( 
concenirations from 0.06 to 8.0 M-g^ml (a ty^itajf concen, 
tration of EtBr U5sed in staining of nuckic aods folknving 
get ekarophoresis is 0.5 H-g/ml), As shown in Rgure 2, gei 
electrophoresis ixvcaled little or no difiTcrcucc in the yield 
or quality of the amplification product whether EtBr was 
absent or present at any of these concentrattotis, indicai-^ 
ing that EtBr does not inhibit PGR, 

Deteetiau of hnman Y<-dm>znosoixM9 speolic 
ipcnces. Sequence-specific, fluorescence enhancement of 
EtBr a.^ a rc»u)t of PGR v^as dea>onstrd3ted in a scries of 
amplificatiotu containing 0.5 jxg^ml EtBr and pHmen 
spedlic to repeat DNA sequences {bund on the humaa 
Y-chromosomc^. these PCRs initially contamed cither 
60 ng male. 60 ng female, 2 ng male hvman or no DNA. 
Five replkatc PCRs were begun for each DNA* After 0, 
17, 21 , 24 and 29 cycles of themiocydlng, a PCR for cacJi 
DNA v^'as removed frora the thermocyder» and its fluo- 
rescence measured in a spcctroSnorometer and ploued 
vif. amplifkadon cyde number (Fig. 3A), The shape of this 
curve TcBccts the fact that by the time an increase in 
fluorescence can be dct^rcted, the increase in DNA is 
becoming linear and not exponential with cyde number; 
As shown, the flutsrc^ccncc increased about three-fold 
over the b«icikground ftuotescence for the PCRs cJontain* 
iog human male DNA, bux did not signiikantly increase 
for tJCgadve control PCRi, which contained cither no 
DNA or buinan female DNA. The more maJe DNA 
present to btgin with— 60 ng vctsu* 2 ng— the fewer 
cyclej; were ru^ed to give a detectable increase in fluo- 
rescence. Gel electrophoresii* the producu of these 
amplifications showed tliat DNA fragments of the ex- 
period &tzc were made in the male DNA containing 
reactions and that tii.ile DN A 5yntbe«9$ took place in the 
control samples* 

In addiiion^ the increase in. fiuor^wncc vrax visualized 
by simply laying the completed, unopened PCRs on a UV 
iransiljfuminator and photographing them through a red 
filter. This is shown ift figure SB lor the reacdons thai 
l>cgan with 2 ng male DNA and those with no DNA. 

Detection of specific alleles of the htxman ^-globhi 
gene. In order to demonstrate that this approach has 
adequate spedfidty to allow genedc screening, a dttcciion 
of the ^klc-cdl anemia rautadon was pcrfomicd- Fi^c 
4 shows the fluorescence from completed amplifications 

conlsdjoing EtBr (0.S i^g/ml} a« d«teiiUhd by photography 

of the reaction cubes on a UV cransiUuminator. These 
reactions were p^formed using primcrR spedftc for ci- 
ther the wild-tn>e or sickk-oeil mutation of the .hiiman 
^lobin gene* . The spcdRdty for each allele h imparted 
by placing the sidde-mutation site at the terminaJ 3' 
nucleotide of one primer. By using an appropiiaie primer 
annealing temperature, printer octei^lc^n'^ad thus am- 
plification — can uke place only if the S' nudeotide of ^ 
primtr i$ conajjlcmcntary to the 3-g)loWn alldc pixy^ni^'^. 

Each pair 6* amplHications shown in Figure 4 consists of 
a reaction with eid^icr the wild-type allele Spcdfic (left 
tube) or sickle-allele spedfic (right tube) primers. Three 
different DNAs were typed: DNA from a homozygous, 
wiid-typc p-globin individual (AA); from a heterozygous 
sickle ^^Iobi^ individual (AS); and from a homozygous 
sickle p-gtoWn individual (SS). Each DNA (50 ng genomic 
DNA to Stan each PGR) was analyzed in tripHcatc (S pain 
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f f^aaions each)* The DNA .type vas reflected in the ' 
|L;;^tWe fluoreficesKe incensides in each pair of cotnf^eted 
[^ItBoiiioi^. There was a significant increase in fluores- 
^^cc orHy where a ^-globin aDele DNA matched the 
<yr\nfcr set. "WhcD measuxed on a spcctrofltioroinetcr 
Matn not shown), this 6.u49rc9ccxxcc vras about three times 
j^t preficni in a PGR where both ^-globm altelcs were 
jfiisitjatchcd to the primer set. Gel clcctrophotes)^ (noi 
dhown) «tabli5hcd tJiat this increase in Aiiotescence was 
()tie Lo the synthesis of nearly a microgratn of a DNA 
figment of the expected size for P-^lobxn. There waa 
liidc synthesis of dsDNA in reactions in. which the allele- 
,nedfic primer was mismaiched to both alleles. 

Continwoiw ip<wMtorag of a PGR. Usiag a fiber optk 
dcvkeril h possible to dhiect excitation OJuminaLion from 
n spectrofluorometer to a PGR undergoing thcrmocyclini; 
and to return its fluorescence ro the j^pcctroftuoronJCter* 
The flTiorcsccncc readout of such an arrangement^ di- 
i^cted Rt an EtBi-containing ampiificadon of Y^chroxno- 
some specific sequences froyn 25 jig of human male DNA^ 
is shown in Fi^re 5. The readout from a control PGR 
vhJi no target DNA is also shown. Thirty cycles of PGR 
verc monitored for each. 

The ftuorc5ccnce trace a.^ a function of time dearly 
shows: the effect of the thermocyding. Fluorescence inten- 
jQty rises and . foils anvCTsdy with temperature The fluo- 
roccncc int«:n^iy is minimum at the denaturadon tem^ 
pcraturc (^i'^C) and Txiaximum at ^ annealin^xten&ion 
tcmpcratuie (SOX). In the negative-control PGR, these 
6uorc9cence maxima and oiiniiDa do not change signtS- 
csintly over the thirty tbcnnocycte, indicating diat there is 
Httle dsDNA ^dje$is without the appropriate taijct 
DNA, and there is litde if any h^c^hsns of EtBr during 
the continuous jlhimination Of the samjMe. 

Jn the PGR containing male I>NA, the fltiorcscencc 
maxima at the annealing/extension temperature begin to 
incTcswe al about 4000 seconds^ of theiroocycling, and 
continue to increase with time, indicating that dsDNA is 
being produced at a detectable leveL Note that the fluo- 
rc3«xnce jninitna at the denatuxatioo tetapcrarure. do not 
fiignificandy increase, prcnlmaWy because al this temper- 
ature there is no d&DNA for EtBr to bind. Thtis the course 
of the amplification is folJowed by tracking the fluores-. 
ccncc increase at the aaneaKn^ temperature. Analysis of 
ihc products of these two amphficadons by ge? dcetxxspho- 
jibowed a ON A fragment of the cicpectcd size for the 
male DNA containing sample and no detectable DNA 
syniheMs for the control sample. 

DISCUSSION 

Downstream processes such a& hybridi7^on to a se- 
qucnce-Apedfic probe can enhance tJie specificity of D^3 A 
dcccuiiuu b> rCR, The clinaitwtion of dicac processed 
means that' the specificity of this homogenctnis assay 
dcpetids solely on that of PClL In the case of «iickle-oeli 
diicascp we have shown that PGR ak>i>c has sufficient DNA 
ficqucncc spcdfidiy to permit genetic screening. Using 
^ippropTiate amplification conditions, there is liidc non- 
specific producdon of dsDNA in the abeence of the 
?ippn>priate target allele. 

The specifidiy re^juired to detect patliogcns can be 
more or less than that required' to do genedc screening, 
depending on the number of pathogens in the sample and 
the amount of other DNA that must be taken with the 
sample. A difficult target is HI V, which requires detection 
of a viral genome that can be at the level of a few copies 
per ihoiwandi of host ccUs*. Compared with genedc 
saecning, whidi is performed on ceils jcontaining at least 
one copy of die target sequence* HiV idetectipn .requir:C5 
both more spccifidty a't>d the inpxit of more (otal 
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UV photography of PGR tube& comaining ampli^cmions 
vnng EtBr ih^it art specmc to wild'-typc (A) t>r itdlt (5) alldcs of 
the fiuman ^-globin gciw. The left ot each p^r q( tubes contains 
dBdt*spedfic piiiners to the wild^typc aOtles, the nght tube 
primers to the wcWe attek- The photograph was tateb aft«r SO 
cydcs of PGR, and the input D>fAs and the alleles ihcy contain 
are indicated. Fifty tog of DNA was used to bcpn PGR. Typmg 
was done in triplicate (3 pair* of PCRs) for eadi mpm DNA: 



25 C 



20r>g of moJe DNA 



25 c 




94' C 
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0 2000 4000 6000 8000 
time (sec) 

nCVttS Continaous, real-time monitoimg of a PCR. A fiber optk 
was TOCTi to oiiTy cxatation lig?it to a PliR in progra»and al«> 
ewwttfid light baii to a fluoromctcr (sec Ex^enmcatal IWoccj); 
Ampiificadon usiog human malo-DNA specific onipcn in a PCR 
starting with SO ng of human male DNA {t<yph or in a control 
Pt^R wthout DNA (bottom), were, monriorcd. Thirty cydes of 
rCR were fcJJow^l for each, Tl^e tcmpciaiun: cydcd b^en 
94*C (denaturadon) and 50*C Canncalidg and extension). Note m 
the male DNA PCR^.the cyde (dmc) d<pie?«Jcot Biarasc in 
ftisorescence at the antteafing^extcDsion icmpcrattire. 
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I>pg A — lip to microgram aDiount9— -ia order to have suf- 
6cicnt numbers of target sequences. This large amount of 
.^carting D^3A in in iainpl»nca«ion simitjc^Tilly imacases 
the hacKgttjund Auomcence over whicb any additional 
fluoresoence produced by PCR. must be detected. An 
additional compHcatioii that occurs wiih target$ in low 
copy-number is the formation of the **priracr-dimer" 
arufacu This is the result of the extension of one primer 
using the other pnmer as a tenxpSate, Although this occurs 
infrequently^ once it occurs the extension product is a 
substrate for PCk amplification, and can compete whh 
true PGR targets if those targets arc rare. The primer- 
dimcr produa v$ of course dsDNA and thus 19- a potential 
source of false signal in this homoftcneou.i assay. 

To increase PGR spedfici^ aM reduce the eSect of 
priRner-dimcr anipUficaticHi, ve are investigating a num- 
ber of approach.cs, including the use of Dcsted^prtmer 
ampUftcauons d^t take placsE in a singie tube*, aod the 
^lot-start*', in which nonspecific atnpliitoHon u reduced 
by raising the temperature of the reaction before DNA 
synthesis bcgins^^. Prdhninary resuKs using these ap- 
prnaches suggest thatpnmcrHlinxcT b effectively reduced 
and it is possible to oetect the increase in EtBt fluores- 
cence in a PGR instigated by a single HIV genome In a 
background of lO' odU. With larger numbexa of cells, the 
background Rvorescence conuibuted by genomic DNA 
becomes pn^bteimtic. To. reduce thia badcgrouod, it m^y 
be possible to use sequence-specific DNA-binding dye« 
that can be made toprcfcrcntiaJIy bind PGR product over 
gc;noxnic DNA by incorporating the dye-binding DNA 
sequence btb the PCH product d^rm^h a S' ^add-on" 10 , 
the oligonucleotide primer*''. 

We nave shown that the detection of BuorescetKC 
generated by an EtBr-containing PGR h straightforward, 
both once PGR is completed and continuously during 
thermocycfing. The ease with which automation of spe* 
dfk DNA detection can be accomplislied is the most 
protnidng aspect of this assay. Tlie Huoresoence analysis 
of completed PCRs is already possible with cxi^titig instru- 
menution in 9(y-well format^ . In tlus format^ the fluores- 
cence in each PGR can be <juantitated before, after, and 
even at selected points during therniocyciicig by moving 
die rack of PGRs to a 96^microvrcJI plate fluorescence 
reader**. 

The instrumentation necessary to continuously monitor 
multiple PGRs simultaneously is also simple in prindpie. 
A direct extension of the apparatus used here is to have 
multlj:^ fiberoprics transmit the emtation light and flu- 
orescent emissions to and froyn mulupte PCRs. The ability 
to monitor tuultiple PCRs continuously may sdlow quan- 
tiiation of target DNA copy number. Figure 5 shows that 
the larger the amount of starting target DNA. the sooner 
diiHti^ 7>flR a fluorescence increase is detected. Prdiim- 
nary experiments <Hig:uchi and DoHinger, manuscript in 
preparation) wth continuous monitoring have shown a 
sensitivity to two-fold differences in initial target DNA 
concentration. 

Conversely, if the nutnber of target molecules is 
Vnown — a^ it can be in genetic screening— rcontinuous 
monitoring may provide a means of detecting falgc pOM- 
tivc and false negative result*. With a known number of 
target molectiks, a true positive would exhibit detectable 
fluorescence by a predictable number of cycles of PGR. 
Increases in fluorescence detected before or after thai 
cycle would indicate potential artii^ts. False negative 
refiuks due to, for esEamplc.izihsbition of DNA pofymer- 
ase, may be detected by iiKludin| v^thin each PuR an 
inefficiendy ampfifyisig marker. This marker results in a 
fiuoreMxnce increase only aficr a large number of cy- 
cles — ma»iy more than are ncpcssary to detea a true 
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positive. If a sample fails to have a fluorescence increase 
alter this many cycles, inhibition may be suspected. Since, 
in this ajssay, conclusions are drawn based on die presence 
or absence of fluorescence signal alone, such controls rnay 
be important. In any evenc before any test based on this 
principle is ready for the clinic^ an assessment of tt^ faUe 
positive^false negative rates wOl need to be obtained using 
a laingc number of known sattiples. 

In 5wmmaT>, th^ Inclusion in PCR of dyes whose fluo- 
rescence is enhanced upon binding dsDNA makes it 
possible to detca 5pcci6c DNA amplification from outsidt 
the PGR tube. In the future, instruments based upon this 
principle may facilitate the more widespread use of PGR 
in applications that demand the h%h throughput of 
samp)ei5« 

EXPERIMENTAL PROTOOOI. 

Kaman HLA-DQa |;ene AmpKBooions cfmtainizig EtQr. 
PCRs were set up in 100 ^U volbmea conjaining 10 mM Tris-HQ* 
pH 8.3; 50 mM KCJ; 4 m^^ MgCJ^: unit* of taa DNA 
polyTOCrajiC (Perkin^JlWcr Ccma. Norwalk^ CTf); 20 pinole each 
of human Kl^rHQ*^ gene spcdiic olig^uclcocioe primers 
imitb and CHn^^ and approsomatelj 10^ copies of DQa FCft 
product diluted from a prtviotts reactww. Echidium bromide 
(EiR^r; S»gtw^ vrw u*ed M the conceutrations uidicttecl id Pigurt 
2. Thcnnocyding proceeded for 20 cycles in a modd 4^ 
dicrmacydcr (Per kin-Elmer Ccw^ Norwalk, CT) using a "rtcp- 
cyelc" prpgnun of 94*C for 1 djiil dcnatuic^tion and 6<rC for w 
$cc aniKS&ig and 72*C for 3D sec. exienstoo. 

y-chroiB09iniic sprdac PGR. PCRs (^00 pi total reaction 
WTlume) containing t)J^ >ig/4el EtBr vfcrc prepared as described 
for HLA-DQ*"* except wicx difl'crcnt pnjneiis and target DNAi. 
Tbese PCRs contained J 5 pmok each male DNA**pcctljc prioie*^ 
YI.l and and cither 60 i»g rrJc, 60 ogf«ma!e, 2 ng njalc. 

or Qo human 1>NA. Thcrmocycling *v«s W*C for ) min. and 60^ 
for I aun i«ing a "rtep-cyde*" progrwn. The nwjJibcr ofcycliS* for 
a sample yftrt as indicated in ngui^ 3. fluorescence measure- 
ine«t IS described bcJow. 

Allclcopccific, human ^-globin pro* PCR- AmpUficailons of 
100 H-l voJume »img 0.5 M^/ml of XtBr were prcj>arcd as 
described for HLA-DQa above except »-ilh different primer* and 
taLrgd DNAs. Thc«c PCRs combined eiiher. primer pair HGP$/ 
H^HA<wiW-type gloljiti^pcdtic primei:s)oT HOP2/lipHS(.-Mck- 
Ic-globin spcdiic primers) at 10 pm6\t eiich primer per PCR. 
Hvese primers were developed by Wu ct aL^^ Three different 
iAtg^ Ana* were used in separate amplificationfir— 50 ng caeU of 
human DNA that was homozygous for the xitVIc trHit (SS)« DNA 
that was hcteroryKom for the sickle tratt <A$), or DNA that vtm 
bomos'.ygo^ for Ac w.c ^lobin (AA). ThcrmocycBng for SO 
cycles at UXi for 1 min. and S5*C for 1 min. it«i>| 9 *'stej>-cycfe'' 
program. AnanueaKt^ tftropcramre of 55*C hadhccn Ahown vy 
Wa ei al,*' 10 provide altcJc-«pcdfk an^plitetion- Completed 
PCRs vrerc photographed through a red ftUer (Wrauerr23A) 
after pladng the reacUon lube* aiop a model TM-96 translHunfti- 
liator (UV-productS 5ah C»abricl, CA). 

Fhimes<ence measiiraiteiit.'Fluoresoet>ce mcasurcmenpi vrcpt 
mad^ on PCRs conmlnin^; ElBr in a Fluorolog-2 Dooromctcr 
(SPEX* Edison. NJ). Excitation was at the 500 nm band with 
About 2 nm bandwidth with « GO 4^5 nm <^t-off.filierjMc)l« 
Grist, Inc.* Irvine. CA) to exclude sco^nd-order light. Ewnted 
light was detected at 5*^^ nm with a band widil> of about 7 nm. An 
OG 630 »m cut-ofT filter was used to remove the excitation 

Contit>ao«i* Roorescencc snooitoritfg of PCR, C0»>tmwcjjs 
monitoring oiF a PCR in proiprcss Kas accompiisljed using oaC 
fipcctrofiuoromeicr and sctdnga descrrbod *.bovc is vf ell as a 
fiberoptic accessory (SP£X cat no. 1950) 10 both send cstatsuoa 
light to, and receive cmittRd Ught from, a PCR placed m a wcU oJ 
a model -J^O *ermocydcr (Ferkm-Elmer Ceiws). The probe e^a 
of the Rbcropttt cable was attached whli "5 mfrt utc-cpoxy"" to the 
opcn topof "^'^ * - • • ^ ^-^ 
with its cap 

^hePCRtuU - . ^ j 

from room light and the rooco lights were kept dunmert oi^rnig 
each run. The moniiorcd PCR was an ampWicauOn of r-<*'^ 
mosomc-epccific repeat scqweuccs as described above, cxccin 
usJTjg.an anncahng/extension lemperauurc of 50^. Thcrcaccan 
was covered wirf» minend oil (2 drops) to prevciti evaporatton- 
*nK:nJ30cyding- and- fluorescence DDcasuwancnt verc started si- 
multancoush'. A time-base son witfi a 10 second intcgraiaotf t»ne 
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enilwrtOd stgna] was ratiocd to tbr cxcita^lao 
.ikRKinl to control for chat)^ in Jkht^iourcc intcnxity. X)aoi.wcre 
^j^lcct^d using the dni3Cl00f, vemOQ S,5 (SPEX) daia system. 
j^c1tfiDWk<fa;incnt8 
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IMMUNO BIOLOGICAL LABORATORIES 



SCD-14EUSA 

Trauma, Shock and Sepsis 




The CD- 14 molecule is* expressed on the surface of 
monocytes and some macrophages. Membrane- 
bound CD-14 is a receptor for lipopotysaccharide 
(LPS) complexed to LPS-8inding-Protein (LBP). The 
concenirailon of its soluble form is aflered under 
certain patlTotogfcal conditions. There- is evidence for 
an important role of $00-1 4. with polytrauma, sepsis. 
burning$ and infiammations. 
During septic conditions and acute infections ii seems 
to be a prognostic mariner and Is therefore of value in 
monitoring these patients. 



IBL offers an ELISA for quantitative determination of 
soluble CD-14 in human serum, -ptesma, cell-cuJiure 
supernatants and other biological fluids. 
Assay features: 12x8 determinations 

(microliter strips). 

precoated vvfth a specific 

rrKWTOClonal antibody, 

2x1 hour incubation, 

standard range: 3-96 ng/ml 

detectiori limit: 1 f>g/mJ 

CV: Intra- arKi interassay < 8% 



For more information caH or fax. 
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Wc hATe enhanced the polymerase chain 
reaction (PC3R) such that specific DNA 
sequences can be detected without open- 
ing the reaction lube. This enhaucement 
requires the addition of ethidium bromide 
(EtBr) to a PGR- Since the fluorescence of 
EtBr increases in the presence of double* 
stranded (ds) DNA an increase in fiuot^s* 
cence in such a PGR indicates a positive 
amplification, which can be eaisily moni- 
tored extemaUy. In fact, amplification can 
be continuousiy monitored ifi order to 
follow its progress. The ability to simuka* 
neou^Iy ampfi^ spjcific DNA sequences 
and detect the product of the amplification 
both simplifies and improves PGR and 
may facilitate its automation and more 
widespread use in ihe clinic or in other 
situatu>n5 requiring high sample Trilwrough- 
put 

llhough tbc potential bicncfits of PGR* lo.cUu- 



ical <Mgno5tics arc wcU knowni''*, it i$ si 



A 

/-A widely used m this setting, even tliough U » 
A- f pair year* tiu.00 thcrrowttaW^ DNA po^yr^er- 
5«c«* mfldc PCR practical. Some of the rtsasons for its filow 
Boc^piantic arc high cxwt, lack of automation of pre^ and 
post-PCR procc3siiig steps, and false positive results, from 
carryovcr<ontaminaiioD. The first two points arc related 
in that labor is ihe largest contributor to cost ait the present 
stage of PCR development. Most Curreiit assays require 
soTTic form of "downstream" processing once tficrmocy^ 
ding is done in order xo determine whether the target 
DNA sequence was present and has amplilicd. These 
include DNA hybridi7^tion»'*, gel electrophoresis with or 
>^ithout use of restriction digestion^.'*. HFtCr, or capilfaxy 
r.leoTophon:sui'^. These methods are labor-imcnsc, bare 
low throughput, and arc difficult to automate. The third 
point is &o closcJy related to downstream processing. 
The handling of the PGR produa in these downstream 
processes increases the chances that amplified DNA .will 
spread through the tjrpiftg* fa*>» i'esulong in a .risk of 



"carryover'* false positives in subsequent testing", 

ITiesc dowia^itrcam processing steps would be e^ii- 
nated if specific amplification and detection of amplified 
DNA took place simwhancously within an unopened re- 
action vessel AsE^iys 'm whkh such dilFcrcnt processes take 
^lacc without, the need to separate reaction components 
lavc been tertned •Ijomogeneotis''. No truly hbmogc-. 
tieous PCK assay has been demonstrated, to date, although 
progress towards this end has been reported. C3hrfiab, et 
al.*% developed a PCR produa detection schenie u^ing 
fluorescent primers that resulted in a fiuorcscent PCR 
product Allefc-specific primers, cadi vdth diflFercnt fluo- 
rescent tags, were used to indiicacc the genotype of the 
DNA. However, the unincorporated primers tnust still be 
removed in a do wnstream process in order to visuaH/x: the 
result- Recently. HoUahd, et al,'*, developed an assay^in 
which the endogenous 5' e5«:>nudease assay of TVif DNA 
pdlytnerafic was exploited to cleave a labeled oligonucleo- 
lide probe. The probe would only dcave if pCR ampJin- 
cation had pi^uced its coroptedieataiy sequence. In 
order to detect the ckav^ products, however, a subse- 
quent procc3;5 w again needed. . 

We have developed a truly homogeneous assay for PGR 
and FOR product detecdon based upon the gready in- 
creased fluorescence that etludiuin bromide and other 
DNA binding dyes exhibit when dicy arc bound lo^s- 
DNA^'^*'. As outbned in Tigurc I, a proiotypic PCR 



/ 



{apprax. 10|1«> 



»nS%A primen 




dtONAi^ product 

1 Principle of siRtultancous amplificadon and detection Of 
PCR producL The cosnpooenu of a PCR containm^ EiBr dial m 
fluoresoem *re listed— EiBr itself, EtBr bound to crthcr ssDN A ot 
daDN A . Tbert U a lar^ fluorescence cnhanccxncnt when EtBr is 
bound to DNA and bmdih^ is gi'catly enhanced i*hcn DNA .is 
double-stranded, A to sufedcnt <n).«jdcs of PGR* the net 
incTcaMt'in dsDNA rcAvks in additiocai EtBr biitt&ig* and a net 
incrcfiAe in total -AuoxcsGcncs:: 
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ROW 2 Gel dcoroplioresis of PCR a:mplificadon prodvctB of ihc 
humaD* ttiidcar gene, HLA DQtt, noidt in the pmeocx of 
incm^ing amouQts of EtBr (up to 8 M-g/niO. The preseace of 
EtBr IiAA no obvious cfiea on die yield or spcdijcity of dmplxfi- 
ciuon. 




B. 




HGUIS 3 (A) Ftuotcscence mcasurcmcnu 'Bt>m PCRs that contaia 
D.5 |Jb$/in3 £lBr and that Are spcd5c for Y^d^rotno^xnc irpcat 
MKuietioo^. Five rcplica&e PCRs, were begun conUiininc each of the 
DNAs 9peofied, At eaeii indicated cyde, one of the five replicate 
f CK5 for each DNA -was Fcnioved from thermocyding and Hs 
fluorescence measured, Uniu of fluoreaccnce ^rt ai^ary. (B) 
UV photography of PCRtube« (0,5 nil Eppcndorf^tylc, poiypro^ 
pykrve miciV^entrifugc tubes) contdming reaeiions, those sisixt^ 
ing froxD t ng male DNA and control reactions without any t)HA, 
from (i^ 



begins with primers that are single-stranded DNA (ss* 
DNA), dNTPSr and DNA polymerase! An amount of 
d^DNA containing the target sequence (target DNA) b 
also typically present. Th5$ ainouat can vary, depending 
on the applKation, from single-cell amounts of DNA'^ to 
microp^ms per If EtBr b prcsenl, the reagentit 

that will fluoresce, in order of increasing fluorescence, are 
free EtBr it^If. and EtBr bound to the singk-^trandcd 
DNA prta)et% and to the doublc^tnitidcd target DNA (bf 
its intercalation between the stacked ba$c9 of the DNA 
dooblc-hdix). After the first denattj ration cyde, target 
DNA will bt largely sin^c-stranded. After a PGR is 
oorapletcd. the most significant chaxxgt is the increase in 
the atnount of dsDNA (the PGR* prMtia itself) of up .to 
several micrctgr^nts: Formerly free EtBr is bound' to the 
additional dsDNA« resulting in an increase in iluorcs- 
ccnoc.. There is also sonae decrease -in the amount of 
ssDNA primer^ but because the binding of EtBr to S&DN A 
is much 1es$ than to disDNA, the efCed of this change on 
the total Ruores<:cii€c of the sample is sntall. The Utiorcs* 
cence increase can be measured by directing ^citation 
iUuminaiion thn>ugh the walls of the amplificatton vessel 
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before and after, or even a>minuously during, thermocv- 
ding. ^' 

RESULTS 

PCR in ihe presence of EtBr. Itj order to" assess the 
affect of EtBr in PGR. amplifications of the human Hl^ 
DQjx gtne^'' were performed with the dye present at 
concentrations from 0,06 to 8.0 p-g^ml (a typical concen. 
tradon of EtBr u.<^d in staining of nucfeic actds fo}]6\ving 
gel ekxirophoresis is 0.5 As shown in Figure 2> g<3 

electrophoresis ixvcaied litde or no diiScrencc in the ^ield 
or quality of the amplificadon product whether EtEr was 
absent or present at any of these concentrattotis, indicat-* 
ing that EtBr does not mhibit P<^, 

De i ec tkm of faumnn Y«chie m owmc speodic oce^ 
«|DGiH:es» Seqtience-specihc, fluorescence enhanoement of 
EtBr as a resi^h of PGR was denKmstraied in a series of 
amplifications containing 0.5 )tg/ml EtBr and ptimers 
specific to repeat DNA sequences found on the human 
V-chromosomc*^. These PGRs inldally contained dther 
60 ng male. 60 Jemale, 2 ng msdk human or no DNA. 
Five replicate PGRs were begun for each DNA, After Q» 
17, 21, 24 and 29 cydes of thenuocyding» a PCR Idr cadi 
DNA was removed from the thermocyder, and it^. fluo- 
rescence measured in a spcctroflnorometer and pjoued 
vs. amplificadon cyde number (Fig. 3 A). Tlic shape of this 
curve rcficcis the fact that by the time an increase in 
fluorescence can be detected, the iniTcase in DNA i$ 
becoming linear and not exponential with cyde numbers 
As shown, the fluOrcscenoc increased aboujt three-fold 
over the background ituorescetstce for the PCRs e^ntain* 
ii]ig htiman male DNA, but did not signiiksmtiy increase 
for negative control PCRs, which 'cuntained ^ther no 
DNA or buthan female DNA. The more male DNA 
present to begin with— 60 ng versus t ng— *e fewer 
cydes were needed to give a detectable increase in fino* 
rescence. Od idectiwftoresis oo iKc pniductt of these 
amplifications showed that DNA fragments of the ex* 
pectcd SKC were made in tlie male DNA contaimng 
reactions and that UtUe DN A synttiesis took place in the 
control samples, 

in addition, the increase in. fiuortscencc vrs^ visualized 
by sim^y laying the compleLed. unopened PCRs qo a UV 
iransilluminator and photographing them through a red' 
filter. This is shown In figure 5B lor thfi reactions thai 
began with ^ ng male DNA and those with no DNA. 

Detection of specsfie alkk^ of die httman ^-glotHD 
gene. In order to demonstrate that this apprdadi has 
adequate spedficity to allcm genetic screenings a detection 
of the' ^klc-cdl anemia mutadon was performed' F^^e 
4 shows the B.uorcsccnce lT<Hn completed ampMcatioDs 
contauliiig EtBr (0.& lAg/ml) a« deieeMid by photography 
of the reaction cubes on a UV transillaminator. These 
reactbns were performed mlng pnmcTR spedfic for ci" 
ther the. wild-tvpe or sickle-cell mutadon of the human 
p*globin gene* . The spcdfkity for each allele u imparted 
by placbAg the slcl^mutatlon site at the terminal 3' 
nucleotide of one primer. By using an appropiilate primer 
annealing tem];)eratbre, primer <xten$iO:tt--and thus am- 
pU<>.cat}pn^-<an take place only If the 3' nudeotkle of the 
primer is coinplemcntaTy to the aUde prcscnt'^^. 

Each pair 6f am{>iiifications shown in Figure 4 consists of 
a reaction with either the wildHype allele spcdfic (left 
tube) or slckle-aUele spedBc (right tube) primers. Three 
different DNAs were tyjped: DNA from a homotygoias, 
wiW-typc p-giobin individual (AA); from a heterozygous 
sickle p^lpbin indhfidual (AS); and from a homozygous 
sickle p-^oWn individual (SS), Each DNA (50 ng genomic 
DNA to start cadi PGR) was aitalyzcd in tripHcatc (3 pain 
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f reactions each). The DNA type vas reflected in the 
Ljadve fluortficexJC^e intcnsides in each pair of comf^eted 
^lificatiom. There was a significant increase in fluores* 
/(X only where a ^-globin aDck DNA matched the 
j^mcr »ct. WhcD measured on a spcctroflnorometcr 
jj^ta not shown), this fluorcjccixce was about three times 
j^t present in a PGR where both (helobin aWcte were 
jntfitjatchcd to the pnnier set. Cd ciccarophofetski (ttot 
fihown) e5cabn$hed that this increase in fluorescence was 
due to the syttt-hesis of nearly a microgram of a DNA 
foment of the expected size for p-^lobin. There was 
little synt}>cs5« of dsDNA m reactions in which the allele- 
,pcdfic primer was mismatched to both alleles. 

Continvoui9 iwojoitonDg of a PCR. Using a fiber optic 
dcvkeriv possible to direct excitation Ulumination from 
J, spectrofluorometer to a PGR undergoing thcrmocydittg 
and to rcarrn its fluorescence to the RpcccroftuorotnciCT* 
1"hc fluorescence readout of such an arrangement, di- 
rected Rt an EtBr-concaining amplificatioD of Y-chromo- 
some sped6c scqvcocra frojn 25 ng of hu man male DNA^ 
is shown in Figure 5. The readout from a control PCR 
viih no target DNA b also shown. Thirty cycles of PCR 
verc tnonitored for each. 

The ftuorc!«:cncc trace a.^ a fur«nion of time dearly 
show? the effect of tlie thermocyding. Fluorescence inlcn- 
jdiy Hses and ^adls invorady with tcmpcraivlrc The IIuck 
rciccncc imenfdiy Is minimum at the denaturation tem- 
perature and roaxiiiium at Ac anneaUng'exten&ion 
tcmpciauiT^ (5<rC). In the negative-control PCR, these 
fluorescence nwxima and minima do not change signiS- 
cjinily over the thirty thcrmocydcs, indicating iliat there is 
little dsDNA fiyntbews without the appropriate target 
DNA, and there is littk if any Wc5M:b5ng of EtBr during 
the continuous jMuTnination of the sam];»e. 

In the PCR containing male DNA, the flqcrcsccncc 
maxima at the annealing/extension temperature begin to 
increase at about 4000 seconds of therroocycling, and 
continue to increase with time, indicating that dsDNA is 
t>c*mg produced at a detectable leveL Note that the flwo- 
rcjjccnce mtntma at the denatoiation tccoperarure. do not 
fiignificantly increase, prcnimaWy because al this temper- 
ature there is no dsDN A for EtBr to bind. Unw the course 
of the amplification is followed by tracking the fluorcs-. 
ccnce increase at the aaneaKng temperature. Analysis of 
ihc products of these two ampbficadons by gel elcctropho- 
showed 5v DNA fragment of the expected size for the 
male DNA containing sample and no detectable DNA 
synihejtk for the control satnpte* 

DISCUSSION 

Downstream processes such as hybridation lo a se- 
quence-Apedfic probe can enhance tlie specificity of DNA 
dccc\:uvM b> FCR. The cHxnicwtion <?€ d^cac procc33ca. 
means that' due spccifidiy of this homogeneous assay 
depends solely on ihat of pCR. In the case of sickle-oeli 
dLu;ase, wc have fibown that PGRalooc ha^i sufficient DNA 
fiojucnce apcdfidty to permit genetic screening. Using 
appropriate amplification conditions, there is litUc non- 
spcdfic producdon of dsDNA in the abecnce of the 
Ttppropriatc target allele. 

The spedfidty required to detect pathogens can be 
more or less than that rcc^uired to do genetic screening, 
ticpcodi ng on the number of pathogens in the sample and 
the amount of other DNA that must be taken with d:ie 
sample. A difficult target is HIV, which requires detection 
of a viraJ genome that can be at the level of a few cof^ 
per thoiL^ands of host ccUs*. Compared with genedc 
JKTcening, which is performed on cdls :containiDg at least 
One copy of llie target sequence, HtV [detection requirics 
both more spetifidty atw! the inptU of more »?tal 



Homozygous 

AA 



Heterozygous 

AS 



Homozygous 

ss 



4 UV pbotogrtphy of PCR tubes contaiiuiifi ampliiicatiQns 
vsing EtBr imt art spcalk to wiM-typc (A) or sic«i< (S) aJld» of 
llic human p-gki^n gcaic. The left W each pair of tubes contains 
aBele^tpedBc pjioiers to the wild-iypc alleles, the right lubc 
prisaers lo th« wJde alttek. The photograt^ ^ talcn after SO 
cydcs of PCR, and the input D^fA& and the alkies ihcy coatam 
arc 'md^ted- ^1% iig of DNA was used to begin PGR Typm;j 
was done ui uiplkate (5 pair* of PClCs) for cadfi input DNA; 
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RCmS Contintjous, real-time monrtormg of a PCR. A fiber optk 
WB5 ascd to CSirrv cxaUtion light to a PCR m PJ^^Z^^ ^ 
emHted Udtt b^ to a flooromctcr (bcc Expenmcntal ^ot^. 
AmptificaBon aMOg human malo-DNA specific pnmcn in a PCR 
5Ur£g with 20 ng of human male I>NA j« x control 

PCk ^thoiat DNA (bottom), were, rooniiorcd, Thmy qrdes of 
PCR were foliowcd for each. Tl»e tempcraurc cycled bc^cn 
94*0 (denaturation) and 50*C (annealing and extcnsjon), N«r m 
the male DNA POt^.the cyde (tinKi) deptaWcnl moeasc m 
fhiorrscence at titfcc anneaHng/extcDMiin teiDpet«^tuTC 
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I>MA— tip to luicrograin ainoun&-^D order lo have suf- 
ficient niunbcre of target sequences. This large amount of 
starting DNA m an atnpKBca^tion sigAitkantly uiacases 
the bacl^^round ftuomcence over wiich any additional 
fluorescence produced by PCR must be detected. An 
additional complication that occuns with targets in tew 
copy-number is the formation of the •'jprimct-dimer^ 
^rtifaa. This is the result of the extension of one prinacr 
using the other {>nmcr as a template* Although this occurs 
infrcquentfy^ Once it occurs the cTttension produa is a 
substrate for PGR amplification, and can compete with 
true PGR targeu if those targets are rare, flie prlmfer- 
dimer product w of course dsDNA and thus is a potential 
sou tee of false signal in this homoffeneou^ ^zy. 

To inci-ease PGR specificity and reduce the cHcct of 
prifner-dimcT anlplifitatitHi, we are investigating a num- 
ber of approaches, including the use of nested-primer 
ampUBcanons tliai take place in a singic tubc^. and the 
*'hot-5tart*\ in which nonspecific ataplifkalion » reduced 
by raising the temperature of the reaction before DNA 
synthesis begins**. Preliminary results using these ap- 
proaches sugi^cst thatT>!rjiner-dijo3CT is effectively reduced 
and it is possible to delect the iitcrease in EtBr fiuores- 
ccncc in a PGR instigated by a single HIV genome in a 
background of 10* ctdU. With brgcr numbciB of ccHs, the 
background fluorescence contributed by genomic DNA 
becomes probleinaiic. To reduce this backgrouDd, it may 
be possible to use sequenee^pedfic DNA-binding dyci 
that can be made to prcferentiaJly bind PGR product over 
genomic DNA by incor|5oraung the dye-binding DNA 
sequence into the PGR product thrmigh a S' *add-on" to 
the oligoniKJcotidc primer*'*. 

We nave shown that the detection of fluorescetwc 
generated by an EtBr-containing PGR is straightforward, 
both once PGR is cotnpkted and continuously during 
thermocycfing. The ease with which automation of spe- 
dfk DNA detection can be accomplished is the most 
proniifiing aspect of this assay. Tlie Huorescence analysis 
of completed PGRs is already possible with cxwting instru- 
mentaiion in 96-wdI format^*. In tlus fonnat^ the Buores- 
ccncc in each PGR can be gvantitated before, after, and 
even at selected points durmg therniocyc5i?tg by moving 
die rack of PGRs lo a 96-microwcJl plate fluorescence 
reader*^, ^ . 

Tlic instrumentation necessary to continuously momtor 
multiple PGRs simuUaneously is also simple in .principle. 
A direct eTc tension of the apparatus used here is to have 
multiple fiberoptics transmit the e;^tation light and flu- 
orescent emissions to and from multiple PCRs, The ability 
to monitor nsuItipJe PGRs continuously may aJlow quan- 
tiiation of target UNA copy num:bcr. Figure S shows that 
the larger the amount of starting car^ DNA, the sooner 
Hii nn0 Pf'-R a fliior«sr.fincc iticrra.se is detected. Prdinu- 
nary experiments <Higiichi and DoHinger, manuscripjE in 
preparation) v^nth continuous monitoring have shown a 
sensitivity to two^fold diifcrcntxa in initial target DNA 
eoncentradon. 

Gonverselvt if the number of target molecules is 
l(j;iQwn — as u can be in genetic screening— rcontinuous 
monitoring may provide a means pf detecting fahc posi- 
tive and false negative results. With a known number of 
target molectiks, a true positive would e:thibit detectable 
fluoresoetioe by a predictable number of cydcs of PGR. 
Increases in fluorescence detected before or after that 
cycle would indicate potential anifects. False negative 
resuks due to, for example*. inhibition of DNA polymer^ 
ase, may be detected by including within each PGR an 
ineHiciendy amplifying marker. This marker results in a 
Auorescence increase only after a large number of cy- 
I des— inany more' than arc ncocssary to detiea a true 
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positive. If a sample fails to have a Huorescence increase 
after this many-cycles, inhibition may be suspected. Since, 
in. this ajssay« conclusions are drawn based on die presence 
or abseocc of fluoresocnoc signal alone* stich controls rnay 
be important. In any event hefore any test based on this 
principle is ready for the chnk^ an assessment of iu false 
posidve/false negadve rates wOI need to be obtained "using 
a la>lgc mimbcr of known samples. 

In summaT>', thj: inclusion in PGR of dyes whose fluo- 
rescence is enhanced upon Hndtog dsDNA makes it 
possible to detect specific DNA amplification from oticsidi^ 
the PGR tube. In the future, instruments based upon this 
principle may facilitate the more widespread use oif PGR 
in ap^ications that demand the h^h tiu^ughput of 
samples^ 

EXPERIMENTAL PROTOCOL 

Hcunan HLA*DQa gedte ^kmpKBoUioas ctmcainiag EtSr. 
PCfo were set up in 100 )U v<^\?me9 containing 10 mM Tris-HQ, 
pH 8.S; 50 mM KCI; 4 ra^^ MgO^: units of taa DNA 
polymerase (Perkli*^E>itKr Cctos. Norwralk. C7T); 20 pirioTc each 
of human HlA-DQa gene spcdfic oligonucleocioe primers 
(rH26 and CH27^' and approjonwteljr 10^ COpAcS 0<" DQn PCK 
product diluted fn>m a previous r^»ction. EthicKum bromide 
(EtRn Sigtn.'O was used nt the concenu^tionB indicated id Hgure 
2. Thcrmocyding proceeded for 20 cycles in a model 4^ 
dicrmocydcr (Perkm-EImcr Ccw, Norwalk, CT) ii*in|a "st«>- 
cyclc" program of 94^ for 1 min. dcnatui^ition and 6<rG f6r*30 
sec anneatog and for 30 kc. exienstOW. 

Y-chromosmnc specific PCIL PCRs ()00 pi total readion 
vxdume) contaitiingOJt EtBr were prepared as described 

for HLA-DQa, esccept wiBn djfi'crcnt primcn and target DNAs. 
These PCRs cont^^ined 1 5 pmok each male DNA-spcctfic prime»5 
YI.) and abd cither 60 ng irralc, 60 Ug fema!c, 2 ng roalc. 

or no hucnaxi DNA. Thermocrding w^i^ JK*CTof I min. and SO^ 
for J min using a "rtcp<ycle* proj^tam. The nvjnbcr of cyclte fer 
a sample were as indicated in F^gui^ 3. nuprescencc mea^ure^ 
in€n( IS d£»cfib«d below. 

Allck'<ipccific, human ^gloUn PGXL AmpUlicauons of 
100 p-l vc^ume «stjig 0 5 Mg^l of EtBr were prc|>i«rcd ^ 
described for HLA^DQa above except with diScrcni primer* an<J 
target DNAs. These PCRs cotiiained e^iW. primer pair HGP$/ 




urgei utnAn were tucci in separate amplificatjona— v50 ng each af 
human DNA tbat was hoimwy^gpus for the sfckk trait (SS). DNA 
that was bcteroryrow for the skkle iraH (A$>, or DNA that 
bomostygoua for the w.t- ^obin (AA). Thermocycfing for 30 
cycles at 94'G for 1 min. and for 1 min. itsing 9 "sicp-cycte" 
program. An anncaKt^ temperature of badhcco jihown iiy 
Wu ei al.*^ 10 provide allcIc-Bpccifk awplifteation. Con^P'^^« 
PCRs were photographed through a red filter Wnticn^SiSA) 
after pladhg the reaction iwbcs aiOP a nxxicl TM*S6 tranfliHuCft^ 
nator <UV-producu .Sah Gabricl, CA>. 

Fhioreseeneemeasnreinetit. Ftuore^HX Tncasurerocnw were 
made on PCRs containing ElBr in a Fluorolog'2 flOoromCtcr 
rSFEX, Edison, NJ). txcitation was at the 500 nni band w-jtb 
.*hom 2 nm bandwiddi with a GO 435 nm <^J-«ff .^i^i^J^J??! 
Grist, Inc.. Irvine. CA) tt> exclude sccondHjrder light. Eronwd 
yghl was detected at 570 nm with a bat»dwidtl) of about 7 nm. An 
OG 530 »m cwt-off filter Was used to remove the atatatton hgftt 
ContitH»ottA Hnorejijccnce monitoring of PCR, Coi>tmt>^ 
monHoring of a PCR in progress was accomplished usmg «nc 
Bpcctrofiuorwne«a: and •ctdngB describoa Above as well as a 
fSoOTtic accessory (SPEX cat no. 1950J to both send cxaiauon 
fight to. and receive em4tt«d Ught from, a PCR placed in a wcU <a 
a model 'WO ^fj-uKxydcr (Pcrkb-Eliiier Celus), The probe cno 
of the fiberoptic caWc was attached whli "5 mwute-cpoxy* to m 
open top of a PCR cube (a 0.5 uU poln^ropylcnc centrifuge t\)Ot 
wTth its cap removed) effeaively scsding ii- The exposed top oi 
the PCR tutK and the end of the fiberoptic caWe were sbjcWcd 
from room light and the room lights were kept dimmed durmg 
each rup. The moniiorcd PCR was an ampWcaiion of y-c3JTO- 
mos6nM>6pcdfic repeat seqyeDCC* as described above, cj^ccpi 
usiDff an anncahng/extension lemperauire of The rcacpc^n 
was cOverrd with >tnin«rtJ Oil (2 drope) to present cvapora&on- 
Tbcrroocyding and fluorcsaocc rocasureincni n-enc started si- 
multaneously. A limt-basc «t»ii witft a lO sc5cnnd integralioii tnnc 




PAGE5/6*RCVDAT7119/20043:10:03PMIPacificDaylip * DURATION (iniHS):0446 



JLJL-19-2004 13:53 FROMiGENENTJ 




E6PIL 650 95S 9881 



;S46638 



P:6^6 



u«*d and the «nii][$«ot) signal was ladocd to' the. c^ciiattOD 
fAgOn^ to ocmtrot for ch9Dgc$ in Ikhwourcc intcnrnty. ^tTi wcre 
fleeted luing the drDSO0or» version (SPEX) data system. 
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IMWUNO BIOLOGICAL LABOBaTOR!ES 



SCD-14EUSA 

Trauma, Shock and Sepsis 




The CD-14 molecule is" expressed on the surface of 
monocytes and sorrte macrophages. Membrane- 
bcund CD-14 is a receptor for lipopoVsaccharide 
(LPS) completed to LPS-8iriding-Protein (iBP). The 
concenirailon of soluble fom is altered under 
certain patlToIogtoai conditions. There- is evidence tor 
an Important role of $Cp-14.with polytrauma, sepsis, 
burnings and infiammatfons. 
During septic condifions and acute infections li seems 
to be a prognostic marker and is therefore of vaJue in 
montorlng these patients. 



IBL offers an ELISA for quantitative determination of 

solubl© CD-14 in human serum, -pfasma, ce!lK:utture 

supernatants and other biological fluids. 

Assay features: 12x8 determinations 
(mlcro8ter strips), 
precoaied with a specific 
monoclonal antibody, 
2x1 hour inoulaation, 
standard range: 3-96 ng/ml 
detection limit: 1 ng/mi 
CV: Intra- and interassay < 8% 



for more information caH or fax. 
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Oligonucleotides with Fluorescent Dyes at 
Opposite Ends Provide a Quenched Probe 
System Useful for Detecting PCR Product 
and Nucleic Acid Hybridization 

Kenneth J. Livak, Susan J.A. Flood, Jeffrey Marmaro, William Ciusti, and Karin Deetz 

Perkin-Elmer, Applied Biosystems Division, Foster City, California 94404 



71i« S' nucf«at€ PCR assay detects the 
accumulation of specific PCR product 
by hybridization and cleavage of a 
doubie-labeled fiuorogenic probe 
during the amplification reaction. 
The probe Is an oligonucleotide with 
both a reporter fluorescent dye and a 
quencher clye attached. An Increase 
In reporter fluorescence Intensity In- 
dicates that the probe has hybridized 
to the target PCR product and has 
been cleaved by the 5' — »3' nucle- 
oiytlc activity of Taq DNA polymerase. 
In this study, probes with the 
quencher dye attached to an Internal 
nucleotide were compared with 
probes with the quencher dye at- 
tadied to the 3'-end nucleotide. In all 
cases, the reporter dye was attached 
to the 5* end. All intact probes 
showed quenching of the reporter 
fluorescence. In general, probes with 
the quencher dye attached to the 3'- 
cnd nucleotide exhibited a larger sig- 
nal in the 5' nuclease PCR assay than 
the Internally labeled probes. It Is 
proposed that the larger signal Is 
caused by increased likelihood of 
cleavage by. Tog DNA polymerase 
when the probe is hybridized to a 
template strand during PCR. Probes 
with the quencher dye attached to 
the 3 '-end nucleotide also exhibited 
an Increase In reporter fluorescence 
Intensity when hybridized to a com- 
plementary strand. Thus, oligonucle- 
otides with reporter and quencher 
dyes attached at opposite ends can 
be used as homogeneous hybridiza- 
tion probes. 



iA homogeneous assay for detecting 
the accumulation of specific PCR prod- 
uct that uses a double-labeled fluoro- 
genie probe was described by Lee et al/*^ 
The assay exploits the 5'-»3' nucle- 
olytic activity of Taq DNA poly- 
merase^^'^^ and Is diagramed in Figure 1, 
The fiuorogenic probe consists of an oli- 
gonucleotide with a reporter fluorescent 
dye, such as a fluorescein, attached to 
the 5' end; and a quencher dye, such as a 
rhodamine, attached internally. When 
the fluorescein is excited by irradiation, 
its fluorescent emission will be 
quenched If the rhodamine is close 
enough to be excited through the pro- 
cess of fluorescence energy transfer 
(FET)/'*'^> During PCR, if the probe Is hy- 
bridized to a template strand, Ta^ DNA 
polymerase will cleave the probe be- 
cause of its inherent 5' -» 3' nucieolytlc 
activity. If the cleavage occurs between 
the fluorescein and rhodamine dyes, it 
causes an inaease in fluorescein fluores- 
cence Intensity because the fluorescein 
is no longer quenched. The increase in 
fluorescein fluorescence intensity indi- 
cates that the probe-specific PCR product 
has been generated. Thus, TET between a 
reporter dye and a quencher dye is criti- 
cal to the performance of the probe in 
the 5' nuclease PCR assay. 

Quenching is completely dependent 
on the physical proximity of the two 
dyes.^*' Because of this, it has been as- 
sumed that the quencher dye must be 
attached near the 5' end. Surprisingly, 
we have found that attaching a rho- 
damine dye at the 3' end of a probe 
still provides adequate quenching for 
the probe to perform in the 5' nuclease 



PCR assay. Furthermore, cleavage of this 
type of probe is not required to achieve 
some reduction in quenching. Oligonu- 
cleotides with a reporter dye on the 5' 
end and a quencher dye on the 3' end 
exhibit a much higher reporter fluores- 
cence when double-stranded as com- 
pared with single-stranded. This should 
malce it possible to use this type of dou- 
ble-labeled probe for homogeneous de- 
tection of nucleic acid hybridization. 



MATERIALS AND METHODS 
Oligonucleotides 

Table 1 shows the nucleotide sequence 
of the oligonucleotides used in this 
study. Linker arm nucleotide (LAN) 
phosphoramidite was obtained from 
Glen Research. The standard DNA phos- 
phoramidites, 6-carboxyfluoresceiii (6- 
FAM) phosphoramidite, 6-carboxytet- 
ramethylrhodamine sucdnimidyl ester 
(TAMRA NHS ester), and PhosphaUnk 
for attaching a 3'-blocking phosphate, 
were obtained from Perkin-Elmer, Ap- 
plied Biosysteihs Division. Oligonucle- 
otide synthesis was performed using an 
ABI model 394 DNA synthesizer (Applied 
Biosystems). Primer and complement 
oligonucleotides were purified using 
Oligo Purification Cartridges (Applied 
Biosystems). Double-labeled probes were 
synthesized with 6-FAM-labeled phos- 
phoramidite at the 5' end, LAN replacing 
one of the T's iri the sequence, and Phos- 
phaUnk at the 3' end. Following de- 
protection and ethanol predpltation, 
TAMRA NHS ester was coupled to the 
LAN<ontainlng oligonucleotide in 250 
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Primer 



Probe 



Strand displacement 



Reverse 
Primer 



-3* 
'5' 



3'- 



-5' 



-3' 
■5' 



Cleavage 




-3' 
■S' 



Polymerization completed 




1 3' 



3'- 



-3' 
■5' 



FIGURE 1 Diagram of 5' nuclease assay. Stepwise represenuUon of the S' - 3' n^^^^^^.^^' 
nZ oi ra^ D^^^^ acting on a fluorogenic probe during one extension phase of POL 



nu4 Na-bicaibonate buffer (pH 9.0) at 
room temperature. Unreacted dye was 
removed by passage over a PD-10 Sepha- 
dex column. Finally, the double-labeled 
probe was purified by preparative high- 
performance liquid chromatography 
(HPLC) using an Aquapore Cg 220x4.6- 
mm column with T-jun particle size. The 
column was developed with a 24-min 
linear gradient of 8-20% acetonitrile in 
0.1 M TEAA (triethylamine acetate). 
Probes are named by designating the se- 
quence from Table 1 and the position of 
the LAN-TAMRA moiety. For example, 
probe Al-7 has sequence Al with LAN- 
TAMRA at nucleotide position 7 from the 
5' end. 



PCR Systems 

All PCR amplifications were performed 
in the Perkin-Elmer GeneAmp PCR Sys- 
tem 9600 using 50-jJil reactions that con- 
tained 10 mM Trls-HCl (pH 8.3), 50 mw 
KCl, 200 >jiM dATP, 200 jiM dCTP, 200 p.M 
dGTP, 400 dUTP, 0.5 unit of AmpEr- 
ase uracil N-glycosylase (Perkin-Elmer), 
and 1.25 unit of AmpliTaq DNA poly- 
merase (Perkin-Elmer). A 295-bp seg- 
ment from exon 3 of the human p-actin 



gene (nucleotides 2141-2435 in the se- 
quence of Naka)ima-U|ima et al.)^^^ was 
amplified using primers AFP and ARP 
(Table 1), which are modified slightly 
from those of du Breuil et al.<*^ Actin am- 
plification reactions contained 4 mM 
MgCIji 20 ng of human genomic DNA, 
SO nM Al or A3 probe, and 300 nM each 



primer. The thermal regimen was SO^C 
(2 min), 95**C (10 min), 40 cycles of 95'C 
(20 sec), 60°C (1 min), and hold at 72X. 
A 51S-bp segment was amplified from a 
plasmid that consists of a segment of X 
DNA (nucleotides 32,220-32,747) in- 
serted in the Smal site of vector pUC119. 
These reactions contained 3.5 mM 
MgCl^, 1 ng of plasmid DNA, 50 nM P2 or 
P5 probe, 200 nM primer F119, and 200 
nM primer R119. The thermal regimen 
was sore (2 min), 95**C <10 min), 25 cy- 
cles of 95X (20 sec), 5r*C (1 min), and 
hold at 72°C 



FlHorescencc Detection 

For each amplification reaction, a 40-m.I 
aliquot of a sample was transferred to an 
individual well of a white, 96-well mlcro- 
titer plate (Perkin-Elmer). Fluorescence 
was measured on the Perkin-Elmer Taq- 
Man LS-50B System, which consists of a 
luminescence spectrometer with plate 
reader assembly, a 485-nm excitation fil- 
ter, and a 515-nm emission filter. Excita- 
tion was at 488 nm using a 5-nm slit 
width. Emission was measured at 518 
nm for 6-FAM (the reporter or R value) 
and 582 nm for TAMRA (the quencher or 
Q value) using a 10-nm slit width. To 
determine the increase in reporter emis- 
sion that is caused by cleavage of the 
probe during PCR, three normalizations 
are applied to the raw emission data. 
First, emission intensity of a buffer blank 
is subuacted for each wavelength. Sec- 
ond, emission intensity of the reporter is 



TABLE 1 Sequences of Oligonucleotides 



Name 



Type 



Sequence 



ACCCACAGGAACTGATCACCACrC 
ATCTCGCGTrCCGGCTGACGTrCTGC 
TCGCATrACrGATCGTrGCCAACCAGTp 
GTACTGGTTGGCAACGATCAGTAATGCGATG 
CGGAlTTGCTGGTATCTATGACAAGGATp 
TTCATCCnrGTCATAGATACCAGCAAATCCG 

TCACCCACACTGTGCCCATCTACGA 
CAGCGGAACCGCICATTGCCAATGG 
ATGCCCTCCCCCATGCCATeCTGCGTl) 
AGACGCAGGATGGCATGGGGGAGGGCATAC 

CGCCCrGGAOTCGAGCAAGAGATJ) 
CCATCfcrrGCTCGAAG TCCAGGGCGAC 

Fox each oligonucleotide used in this study, the nucleic add sequence is ^^^^'"'^ ^/""^^^^ 
5' -. 3' direction. There are three types of oligonucleoHdes: PGR pnmer, ^^78^^^^^^^ 
I the 5' nuclease assay, and complement used to "^f^^^ 
probes, the underlined base indicates a poslUon where LAN with TAMRA attechea was 
tuted for a T (p) The presence of a 3' phosphate on each probe. 



FII9 
R119 
P2 
P2C 
1»S 
P5C 
AFP 
ARP 
Al 
AlC 
A3 
A3C 



primer 
primer 
probe 

complement 
probe 

complement 

primer 
primer 
probe 

complement 
probe 

complement 
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A1-2 RaQgccctcccccatgccatcctgcgt^ 

A1-7 RATGCCCQCCCCCATGCCATCCTGCGTt) 

A1 -1 4 RatgccctcccccaQgccatcctgcgtp 

A1-19 1UtgocctcccccatgccaQcx:tc30gtp 

A1>22 Ratgccctccxx:catgccatccQgcgtp 

A1-26 RatgccctcccccatgccatcctgcgQp 



Probe 


518 


nm 


582 


nm 


RQ- 


RQ* 


ARQ 




no temp. 




no temp. 


temp. 








A1-2 


25.5 ±2.1 


327 ±1.9 


38.2 ±3.0 


38.2 ±2.0 


0.67 + 0.01 


0.86 ±0.06 


0.19 ±0.06 


A1-7 


S3.S±4^ 


395.1 ±21.4 


108.5 ±6.3 


110.3 ±5.3 


0.49 ±0.03 


3.58 ±0.17 


3.09 ±0.18 


A1-14 


127.0±4.0 


403.5 ±19.1 


109.7 ±5.3 


93.1 ±&3 


1.16±0iX2 


4.34 ±0.15 


3.18 ±0.15 


A1-19 


187.51 17.9 


422.7 ±7.7 


70.3 ±7.4 


73.0 ±2.8 


2.67 ±0.05 


5.80 ±0.15 


3.13 ±0.16 


A1-22 


224.6 ±9.4 


482.2 ±43.6 


100.0 ±4.0 


96.219.6 


2.2510.03 


5.0210.11 


2.77 ±0.12 


A1-26 


ieo.2±8.9 


454.1 ±18.4 


93.1 ±5.4 


90.7 ±3.2 


1.72 ±0.02 


5.01 ±0.08 


3.29 ±0.08 



FIGURE 2 Results of S' nuclease assay comparing p-actin probes with TAMRA at different nucle- 
otide positions. As described in Materials and Methods, ?CR amplifications containing the in- 
dicated probes were performed, and the fluorescence emission was measured at SIS and 582 nm. 
Reported values are the average ±1 s.D. for six reactions run without added template (no temp.) 
and six reaaions run with template (^temp.). The RQ ratio was calculated for each individual 
reaction and averaged to give the reported RQ~ and RQ"^ values. 



dMded by the emission intensity of the 
quencher to give an KQ ratio for each 
reaction tube. This normalizes for well- 
to-well variations in probe concentra- 
tion and fluorescence mea.^urement. Fi- 
nally, ARQ is calculated by subtracting 
the RQ value of the no-template control 
(RQ~) from the RQ value for the com- 
plete reaction including template 
(RQ"). 

RESULTS 

A series of probes with increasing dis- 
tances between the fluorescein reporter 
and rhodamine quencher were tested to 
investigate the minimum and maximum 
spacing that would give an acceptable 
performance in the 5' nuclease PGR as- 
say. These probes hybridize to a target 



sequence In the human p-actin gene. 
Figure 2 shows the results of an experi- 
ment in which these probes were in- 
cluded in PGR that amplified a segment 
of the ^-actin gene containing the target 
sequence. Performance in the 5' nu- 
clease PGR assay is monitored by the 
magnitude of ARQ, which is a measure 
of the increase in reporter fluorescence 
caused by PGR amplification of the 
probe target. Probe Al-2 has a ARQ value 
that Is close to zero, indicating that the 
probe was not cleaved appreciably dur- 
ing the amplification reaction. This sug- 
gests that with the quencher dye on the 
second nucleotide from the 5' end, there 
is insufficient room for Taq polymerase 
to cleave efficiently between the reporter 
and quencher. The other five probes ex- 
hibited comparable ARQ values that are 



clearly different from zero. Thus, all five 
probes are being cleaved during PGR am* 
plification resulting in a similar increase 
in reporter fluorescence. It should be 
noted that complete digestion of a probe 
produces a much larger increase in re- 
porter fluorescence than that observed 
in Figure 2 (data not shown). Thus, even 
in reactions where amplification occurs, 
the majority of probe molecules remain 
uncleaved. It is mainly for this reason 
that the fluorescence Intensity of the 
quencher dye TAMRA changes little with 
amplification of the target. This is what 
allows us to use the 582-nm fluorescence 
reading as a normalization factor. 

The magnitude of RQ" depends 
mainly on the quenching efficiency in- 
herent In the specific structure of the 
probe and the purity of the oligonucle- 
otide. Thus, the larger RQ" values Indi- 
cate that probes AM4, Al-19, Al-22, and 
Al-26 probably have reduced quenching 
as compared with Al-7. Still, the degree 
of quenching is sufficient to detect a 
highly significant inacase in reporter 
fluorescence when each of these probes 
is cleaved during PGR. 

To further investigate the ability of 
TAMRA on the 3' end to quench 6-FAM 
on the 5' end, three additional pairs of 
probes were tested in the 5' nuclease 
PGR assay. For each pair, one probe has 
TAMRA attached to an internal nucle- 
otide and the other has TAMRA attached 
to the 3' end nucleotide. The results are 
shown in Table 2. For all three sets, the 
probe with the 3' quencher exhibits a 
ARQ value that is considerably higher 
than for the probe with the internal 
quencher. The RQ" values suggest that 
differences in quenching are not as great 
as those observed with some of the Al 
probes. These results demonstrate that a 
quencher dye on the 3' end of an oligo* 
nucleotide can quench effidendy the 



TABLE 2 Results of 5' Nuclease Assay Gomparing Probes with TAMRA Attached to an Internal or 3'-terminal Nucleotide 



518 nm 



582 nm 



Probe 


no temp. 


+ temp. 


no temp. 


+ temp. 


KQ- 


RQ^ 


ARQ 




A3^ 


54.6 ± 3.2 


84.8 ± 3.7 


116.2 ±6.4 


115.6 ± 2.5 


0.47 ± 0.02 


0.73 ± 0.03 


0.26 ± 


0.04 


A3-24 


. 72.1 ± 2.9 


236,5 ± IM 


84.2 ± 4.0 


902 ± 3.8 


0.86 ± 0.02 


2.62 ± 0.05 


1.76 ± 


0.05 


P2-7 


82.8 ± 4.4 


384.0 ± 34.1 


105.1 ± 6.4 


120.4 ± 10.2 


0.79 ± 0.02 


3.19 ± 0.16 


2.40 ± 


0.16 


P2-27 


113.4 ±6.6 


555.4 ± 14.1 


140.7 ± 8.5 


118.7 ± 4.8 


0.81 ± 0.01 


4.68 ± 0.10 


3.88 ± 


0.10 


PS-IO 


77.5 ± 6.5 


. 244.4 ± 15.9 


86.7 ± 4.3 


95.8 ± 6.7 


0.89 ± 0.05 


2.55 ± 0.06 


1.66 ± 


0.08 


P$.28 


64.0 ± S.2 


333.6 ±12.1 


100.6 ± 6.1 


94.7 ± 6.3 


0.63 ± 0.02 


3.53 ± 0.12 


2.89 ± 


0.13 



Reactions containing the indicated probes and calculations were performed as desalbed in Materia! and Methods and in the legend to Fig. 2. 
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fluorescence of a reporter dye on the 5' 
end. The degree of quenching is suffi- 
cient for this type of oligonucleotide to 
be used as a probe in the 5' nuclease PGR 
assay. 

To test the hypothesis that quenching 
by a 3' TAMRA depends on the flexibility 
of the oUgonucleotide, fluorescence was 
measured for probes in the single- 
stranded and double-stranded states. Ta- 
ble 3 reports the fluorescence observed 
at 518 and 582 nm. The relative degree 
of quenching is assessed by calculating 
the RQ ratio. For probes with TAMRA 
6-10 nucleotides from the 5' end, there 
is little difference in the RQ values when 
comparing single-stranded with double- 
stranded oligonucleotides. The results 
for probes with TAMRA at the 3* end are 
much different. For these probes, hy- 
bridization to a complementary strand 
causes a dramatic increase in RQ. We 
propose that this loss of quenching is 
caused by the rigid structure of double- 
stranded DNA, which prevents the 5' 
and 3' ends from being in proximity. 

When TAMRA is placed toward the 3' 
end, there is a marked Mg^"*" effect on 
quenching. Figure 3 shows a plot of ob- 
served RQ values for the Al series of 
probes as a function of Mg^"*" concentra- 
tion. With TAMRA attached near the 5' 
end (probe Al-2or Al-7), the RQ value at 
0 mM Mg^* Is only slightly higher thari 
RQ at 10 mM Mg^*. For probes Al-19, 
Al -22, and Al-26, the RQ values at 0 mM 
Mg2* are very high, indicating a much 



reduced quenching efficiency. For each 
of these probes, there is a marked de- 
crease in RQ at 1 mM Mg^"^ followed by 
a gradual decline as the Mg^"^ concen- 
tration Increases to 10 mM. Probe AM4 
shows an Intermediate RQ value at 0 mM 
Mg^"*" with a gradual decline at higher 
Mg^* concentrations. In a low-salt en- 
vironment with no Mg^"*^ present, a sin- 
gle-stranded oligonucleotide would be 
expected to adopt an extended confor- 
mation because of electrostatic repul- 
sion. The binding of Mg^^ ions acts to 
shield the negative charge of the phos- 
phate backbone so that the ohgonucle- 
otide caii adopt conformations where 
the 3' end is close to the 5' end. There- 
fore, the obsenred Mg^"^ effects support 
the notion that quenching of a 5' re- 
porter dye by TAMRA at or near the 3' 
end depends on the flexibility of the oli- 
gonucleotide. 

DISCUSSION 

The striking finding of this study is that 
it seems the rhodamine dye TAMRA, 
placed at any position In an oligonucle- 
otide, can quench the fluorescent emis- 
sion of a fluorescein (6-FAM) placed at 
the 5' end. This implies that a single- 
stranded, double-labeled oligonucle- 
otide must be able to adopt conforma- 
tions where the TAMRA is close to the 5' 
end. It should be noted that the decay of 
6-FAM in the excited state requires a cer- 
tain amount of time. Therefore, what 



TABLE 3 Comparison of Fluorescence Emissions of Single-sUanded and 
Double-stranded Fluorogenic Probes "" 



518 nm 



582 nm 



RQ 



Probe 



ss 



ds 



ss 



ds 



ss 



ds 



Al-? 

Al-26 

A3^ 

A3-24 

P2-7 

P2-27 

PS-IO 

P5-28 



27.75 
43.31 
16.75 
30.05 
35.02 
39.89 
27.34 
33.65 



68.53 
509.38 

62.88 
578.64 

70.13 
320.47 
144.85 
462.29 



61.08 
53.50 
39.33 
67.72 
54.63 
65.10 
61.95 
72.39 



138.18 
93.86 
165.57 
140.25 
121.09 
61.13 
165.54 
104.61 



0.45 
0.81 
0.43 
0.45 
0.64 
0.61 
0.44 
0.46 



0.50 
5.43 
0.38 
3.21 
0.58 
5.25 
0.87 
4.43 



(ss) Single-stranded. The fluorescence emissions at 518 or 582 nm for solutions contaming a fiml 
concentraUon of 50 nu indicated probe, 10 mM TrU-HQ (pH 8.3), 50 mM KG, and 10 roM MgQ^. 
(ds) Doubie-stranded. The solutions contained, in addlUon, 100 nM AlC for probeii Al-7 and 
Al-26. 100 HM A3C for probes A3-6 and A3-24, 100 nM P2C for probes P2.7 and P2-27. or 100 DM 
P5C for probes PS-IO and P5.28. Before the addition of MgO,. 120 jil of each sample was heated 
at 95-0 fox 5 min. Following the addition of 80 mJ of 25 mM MgQi, each sample was allowed to 
cool to loom temperature and the Quorescence emissions were measured. Reported values are 
the average of three determinations. 



matters for quenching is not the average 
distance between 6-FAM and TAMRA 
but, rather, how close TAMRA can get to 
6-FAM during the lifetime of the 6-FAM 
excited state. As long as the decay time of 
the excited state is relatively long com- 
pared with the molecular motions of the 
oligonucleotide, quenching can occur. 
Thus, we propose that TAMRA at the 3' 
end, or any other position, can quench 
6-FAM at the 5' end because TAMRA is in 
proximity to 6-FAM often enough to be 
able to accept energy transfer from an 
excited 6-FAM. 

Details of the fluorescence measure- 
ments remain puzzling. For example, Ta- 
ble 3 shows that hybridization of probes 
Al-26, A3-24, and P5-28 to their comple- 
mentary strands not only causes a large 
increase in 6*FAM fluorescence at 518 
nm but also causes a modest increase in 
TAMRA fluorescence at 582 nm. If 
TAMRA is being excited by energy trans- 
fer from quenched 6^FAM, then loss of 
quenching attributable to hybridization 
should cause a decrease in the fluores- 
cence emission of TAMRA. The fact that 
the fluorescence emission of TAMRA in- 
creases indicates that the situation is 
more complex. For example, we have an- 
ecdotal evidence that the bases of the 
oligonucleotide, especially G, quench 
the fluorescence of both 6-FAM and 
TAMRA to some degree. When double- 
stranded, base-pairing may reduce the 
ability of the bases to quench. The pri- 
mary factor causing the quenching of 
6-FAM in an intact probe is the TAMRA 
dye. Evidence for the importance of 
TAMRA is that 6-FAM fluorescence 
remains relatively unchanged when 
probes labeled only with 6-FAM are used 
in the 5' nuclease PGR assay (data not 
shown). Secondary effecton of fluores- 
cence, 1)0 th before and after cleavage of 
the probe, need to be explored further. 

Regardless of the physical mecha- 
nism, the relative independence of posi- 
tion and quenching greatly simplifies 
the design of probes for the 5' nuclease 
PGR assay. There are three main factors 
that determine the performance of a 
double-labeled fluorescent probe in the 
5' nuclease PGR assay. The first factor is 
the degree of quenching observed In the 
intact probe. This is characterized by the 
value of RQ" , which is the ratio of re- 
porter to quencher fluorescent emis- 
sions for a no template control PGR. In- 
fluences on the value of RQ" include 
the particular reporter and quencher 
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FIGURE 3 Effect of Mg^'^ concentration on RQ ratio for the Al series of probes. The fluorescence 
emission intensity at 518 and 582 nxn was measured for solutions containing 50 nM probe, 10 mM 
Trls-HQ {pH 8.3), 50 mM KG, and varying amounts (O-IO mM) of MgQi. The calculated RQ 
ratios (518 nm intensity divided by 582 nra intensity) are plotted vs. MgClj concentration (mM 
Mg). The key (upper right) shows the probes examined. 



dyes used, spacing between reporter and 
quencher dyes, nucleotide sequence 
context effects, presence of structure or 
other factors that reduce flexibility of 
the oligonucleotide, and purity of the 
probe. The second factor is the efficiency 
of hybridization, which depends on 
probe presence of secondary stnic* 
ture in probe or template, annealing 
temperature^ and other reaction condi- 
tions. The third factor is the efficiency at 
which Taq DMA polymerase cleaves the 
bound probe between the reporter and 
quencher dyes. This cleavage is depen- 
dent on sequence complemenurity be- 
tween probe and template as shown by 
the observation that mismatches in the 
segment between reporter arid quencher 
dyes drastically reduce the cleavage of 
probe/^^ 

The rise In RQ" values for the Al se- 
ries of probes seems to indicate that the 
degree of quenching is reduced some- 
what as the quencher is placed toward 
the 3' end. The lowest apparent quench- 
ing is observed for probe Al-19 (see Fig. 
3) rather than for the probe where the 
TAMRA is at the 3' end (Al-26). This is 
understandable, as the conformation of 
the 3' end position would be expected to 
be less restricted than the conformation 
of an internal position. In effect, a 
quencher at the 3' end is freer to adopt 
conformations close to the 5' reporter 
dye than is an internally placed 
quencher. For the other three sets of 



probes, the interpretation of RQ" values 
is less clear-cut. The A3 probes show the 
same trend as Al, with the 3' TAMRA 
probe having a larger RQ"* than the in- 
ternal TAMRA probe. For the P2 pair, 
both probes have about the same RQ" 
value. For the P5 probes, the RQ" for the 
3' probe is less than for the internally 
labeled probe. Another factor that may 
explain some of the observed variation is 
that purity affects the RQ" value. Al- 
though all probes are HPLC purified, a 
small amount of contamination with 
unquenched reporter can have a large ef- 
fect on RQ". 

Although there may be a modest ef- 
fect on degree of quenching, the posi- 
tion of the quencher apparently can 
have a large effect on the efficieiicy of 
probe cleavage. The most drastic effect is 
observed with probe Al-2, where place- 
ment of the TAMRA on the second nu- 
cleotide reduces the efficiency of cleav- 
age to almost zero. For the A3, P2, and PS 
probes, ARQ is much greater for the 3' 
TAMRA probes as compared with the in- 
ternal TAMRA probes. This is explained 
most easily by assuming that probes 
with TAMRA at the 3' end are more likely 
to be cleaved between reporter and 
quencher than are probes with TAMRA 
attached internally. For the Al probes, 
the cleavage efficiency of probe Al-7 
must already be quite high, as ARQ does 
not increase when the quencher Is 
placed closer to the 3' end. This illus- 



trates the importance of being able to 
use probes with a quencher on the 3' 
end in the 5' nuclease PGR assay. In this 
assay, an inaease hi the intensity of re- 
porter fluorescence is observed only 
when the probe is cleaved between the 
reporter and quencher dyes. By placing 
the reporter and quencher dyes on the 
opposite ends of an oligonucleotide 
probe, any cleavage that occurs will be 
detected. When the quencher is attached 
to an internal nucleotide, sometimes the 
probe works well (Al-7) and other times 
not so well (A3-6). The relatively poor 
performance of probe A3-6 presumably 
means the probe is toeing cleaved 3' to 
the quencher rather than l)etween the 
reporter and quencher. Therefore, the 
best chance of having a probe that reli- 
ably detecu accumulation of PGR prod- 
uct in the 5' nuclease PGR assay is to use 
a probe with the reporter and quencher 
dyes on opposite ends. 

Placing the quencher dye on the 3' 
end may also provide a sli^t benefit in 
terms of hybridization efficiency. The 
presence of a quencher attached to an 
internal nucleotide might be expected to 
disrupt base-pairing and reduce the 
of a probe. In fact, a Z^O-S^'C reduction 
in 7„ has been observed for two probes 
with internally attached TAMRAs/^^ This 
disruptive effect would be minimized by 
placing the quencher at the 3' end. Thus, 
probes with 3' quenchers might exhibit 
slightly higher hybridization efficiencies 
than probes with internal quenchers. 

The combination of inaeased cleav- 
age and hybridization efficiencies means 
that probes with 3' quenchers probably 
will be more tolerant of mismatches be- 
tween probe and target as compared 
with internally labeled probes. This, tol- 
erance of mismatches can be advanta- 
geous, as when trying to use a single 
probe to detect PCR-amplified products 
from samples of different species. Also, it 
means that cleavage of probe during PGR 
is less sensitive to alterations in an- 
nealing temperature or other reaction 
conditions. The one application where 
tolerance of mismatches may be a disad- 
vantage is for allelic discrimination. Lee 
et al.^^^ demonstrated that allele-spedfic 
probes were cleaved between reporter 
and quencher only when hybridized to a 
perfectly complementary target. This al- 
lowed them to distinguish the normal 
human cystic fibrosis allele from the 
AFS08 mutant. Their probes had TAMRA 
attached to the seventh riudeotide from 
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the S' end and were designed so that any 
mismatches were between the reporter 
and quencher. Increasing the distance 
between reporter and quencher would 
lessen the disruptive effect of mis- 
matches and allow cleavage of the probe 
on the incorrect target. Thus, probes 
with a quencher attached to an internal 
nucleotide may still be useful for allelic 
discrimination. 

In this study loss of quenching upon 
hybridization was used to show that 
quenching by a 3' TAMRA is dependent 
on the flexibility of a single-suanded oli- 
gonucleotide. The inaease in reporter 
fluorescence intensity, though, could 
also be used to determine whether hy- 
bridization has occurred or not Thus, 
oligonucleotides with reporter and 
quencher dyes attached at opposite ends 
should also be useful as hybridization 
probes. The ability to detect hybridiza- 
tion in real time means that these probes 
could be used to measure hybridization 
kinetics. Also, this type of probe could be 
used to develop homogeneous hybrid- 
ization assays for diagnostics or other ap- 
plications. Bagwell et al.^'^^ describe just 
this type of homogeneous assay where 
hybridization of a probe causes an In- 
crease in fluorescence caused by a loss of 
quenching. However, they utilized a 
complex probe design that requires add- 
ing nucleotides to both ends of the 
probe siequencc to form two Imperfect 
hairpins. The results presented here 
demonstrate that the simple addition of 
a reporter dye to one end of an oligonu- 
cleotide and a quencher dye to the other 
end generates a fluorogenic probe that 
can detect hybridization or PGR amplifi- 
cation. 



ACKNOWUDGMENTS 

We acknowledge Lincoln McBride of 
Perkin-Elmer for bis support and en- 
couragement on this project and Mitch 
Winnik of the University of Toronto for 
helpful discussions on time-resolved flu- 
orescence. 



uct by utilizing the S' to 3' exonuclease 
activity of Thermm aquaticus DNA poly- 
merase. Prcc Natl Acad, 5d. 88: 7276- 
7280, 

3. Lyamichev, V., MAD. Brow, and J.L 
Dahlberg. 1993. Structure-specific endo- 
nucleolytic cleavage of nucleic acids by 
eubacterial DNA polymeiases. Science 
260: 77S-783. 

4. Forstei, V.Th. 1948, Zwischenraolekulare 
Energiewanderung und Fluoreszenz. Ann. 
Phys, (Leipzig) 2z S^7S. 

5. Lakowici, J.R. 198^. Energy transfer. In 
PrincipUs of fluorescent spectroscopy, pp. 
303-339. Plenum Press. New York, NY. 

6. Suyer, L. and R.P. Haugland. 1%7. Energy 
transfer A spectroscopic ruler. Pwc. Natl 
Acad. ScL 58: 719-726. 

7. Nakajima-Iijima, S., H. Hamada, P. Reddy, 
and T. Kakunaga. 1985. Molecular stmc- 
ture of the human cytoplasmic beta-actin 
gene: Inter-spedes homology of se- 
quences m the Introns. Proc Natl Acad, 
5d.82: 6133^137. 

8. du Breuil, R.M.. J.M, Patel, and B.V. Men- 
delow. 1993. QuandtatLon of p-actin-spe- 
cific mRNA transcripte using xeno-com- 
petitive PGR, PCR Methods AppUc 3: 57- 
59. 

9. livak, K.J. (unpubl.). 

10. Bagwell, C.B., M E. Munson, R.L Chris- 
tensen, and E.J. Lovett. 1994. A new ho- 
mogeneous assay system for SF>ecific nu- 
cleic acid sequences: Poly-dA and poly- A 
detection. Nucleic Acids Res. 22: 2424- 
2425. 



Received December 20, 1994; accepted in 
revised form March 6, 2995. 



REFERENCES 

1. Lee, L.G„ C.R. Connell, and W, Bloch. 
1993. Allelic disaiminatlon by nick-trans- 
lation PCR with fluorogenic probes. Nu- 
cleic Acids Res. 21: 3761-3766. 

2. Holland, P.M., R.D. Abramson, R. Wat- 
son, and D.H. Gelfand. 1991. Detection of 
specific polymerase chain reaction prod- 



362 PCR MeUtods pnd Applications 

PAGE 7/7 ' RCVD AT 10/24/2005 5:55:20 PM [Paclflc Daylight Time] * SVR:SVCS01/0 ' DNIS:6034 ' CSID:(613) 991-5695 * DURATION (mm-ss):0546 




From : BML 



PHONE No. : 310 472 



Dec. 05 2002 12:2Qflri Pll 



BY copYntiurr (i7 u.s. mi) 



GbNOMI MF1HODS 



Real Time Quantitative PGR 

Chrlsticin A. Heid/ Junko Stevens,^ Kenneth |. Livak/ and 

P. Mickey Williams^ 

^Applied uioSysiems Diviiio.. o( Perkin CUne. Corp., Fosi« city, C-il.rorniA 9441m 



Wci;;. Ct'^P.d a novel "real time" quan.UaUvc PCR ^^^XJ^oZ'^jL^^^^ 
Si ne: r"4uh' po.-PCR'«mp.e handling, prmnUng "^'^S ?S l^JJ^^r/v.^^^^^^^ 
PCrI VxirS^ accunrc and l«s labor-intensWe than airrent cuantitative PCR methods. . 



Quantitative m)c:leic acid sequence ^niaiysis Jias 
had an impoflnnt role in many Helds of liiologi- 
cal rcscnrch. Mcasuiciuent of geuv. tixpressltiii 
(RNA) has b««n uiicd extensively In n)oultoj'Jng 
biological responses to various slimulj flan el al. 
1994; HiiaiiR ci ai. 1995i«,b; Prud'humnic et al. 
li)95). Quaniiiatlvc yent? analysis (T;NA) has 
Ixt-n u>cU io cK-.i ermine the ;;CTU»iK' ^uaniliy of a 
partitnilar gene, as in the case ot tMo human H1U<2 
gene, which Is amplified in -.30% of breast tii- 
mors (Slamon u al. 1987). (Jenc and genome 
quantitation (DNA ami UNA) also have been used 
for analysis of human inununodcficiency virus 
(11 J V) burden dcmonstrnliTig changes hi the lev- 
els of virus thTOughoul the different phases of ihe 
disease (Connor al. 1993; J^liitak ci al, ivvish; 
l-urtado €i ai. lyyS). 

Many methods havf. been dcscrll^cd for thu 
quantitative analysis ot nuclide acid s^^m^^^^^s 
(hoih for RNA and DNA; Southt^rn 1 V/6; S>iarp ci 
al. 1980; Thomas 19«0). Recently, ih:K haa 
proven to be a powerful tool for quantitative 
nucleic acid analpls. PCR and reverse transcrip- 
tase: (R1>PC:R have permitted the analysis of 
minhna! starting quantities of nucleic acid (as 
liule ds one ctill equivalent). This has niadK ])os- 
sible many cxperiinonls that could not hnvc been 
pt-rform^ with traditional methods. Although 
PCR has provided a powerful tool, it is imperative 



thai \\ be u^cd pjopcrJy for qunnlitutlon (R»uy 
matkers 1995). Many early rcjwls of quanlilo- 
tiv«: I'CR and RT-PCR described cjuantitation o( 
ihe rCR product but did not measure the Inltla] 
target s<tquencc quantity. Il is essential to design 
proper contrt>i.s for Ihc quantiiation of the initial 
target sequences (Fcrrc 1992; Clcnunitl et al. 
100?.) 

KcN^.nrchcrs have, devclope^l several njf.thods 
of quantitative PClR and UT-PCR. One approai:h 
measures 1<:R prDducl quantity in the l<ig phase 
of die reatnlon before the plateau (Kellogg ci al. 
1990; Pang ct al. 1990). This method requires 
lhai each sanM>l<^ has equul Input anu)unts of 

. nucleic add and that each sample under nnalysls 
amplifies witli idvidical efficiency up to the. point 
of quuuijlaiivc analysis. A gene sequence (ron- 
talned in wH .samples at relatively con&-tanl quan- 
ljt;<tt, such a.s p-aclln) t*.an bo us«sd for samjdc* 
uuipliTication efiicicncy normaUzation. Using 
vonventional methods of PC:r dctertion and 
quantiialiun (gd electrophoresis ox plavc capture 
hybrfdizatlnn), it is e;Kir^mely laborious to assure 
that all samples are analyzed during the log phase 
of tlic reac-tion (for bolh the target gene and the 
normalization gene). AnoLhei method, quanllta* 
live competitive (QC)-W:R, has been developed 
and is t).<;cd widely for PC:R quantitation. (JC:-PCR 
rrlics on the inclusion of an internal. control 
.competitor ij) each reaction (Bockcr-Andrc 1991; 
Matak ul ol. I993«,l>). The c/ficloncy of each re- 
acuon is nojiiialhxd to the internal compel iior. 
A wnnwn amciunt o/ InlfJi^aJ competitor can be 

annrv ync« noi a^a wj «c:f»T 7nn7/cn/7T 
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ocldod in oflch Rampk*. To obtain relative n^J'^ni- 
tatlon, the unknown largcl PGR pKKluot is ciuu- 
jWTcd with the known coinpctiU>f I't'lK product. 
Success uf a cjuantHaHvc cuuipctilivo PCR assay 
rehf*s on acvcloping an nmrrnal wxwiiruJ ilinl am- 
|ilini-:s wlin U\c same effKtlwicy as llic l«iH^:l i»>ol. 
eculc. TJlC design of the coiiipctltui and llw vn)l- 
datlon of amj>MfJcalion cffiUcjieSc* jcquirc a 
Ucdlealcd cffujL Huwevci', because Q(MK:H docs 
iioirc4uirv ll»«t PC'U jmikIucIs be cumlyyiinl during 
Che lo,4; piiasc of Ok? iinijilincaiion; it is Hut cvaslei' 
uf O^r. two methods to use. 

Several dt!t«ctioii sysdciii^ «ie u>cd foi quan 
Utative 1*CK and U'1'-PC:U analysis; <1) aj;iircir.o 
gcis, (2) /luorciwil labrlJiiK i>f ?C:U p^jducis and 
CictccUon wiih In.MTT-indncr.d nuorcAcchcc \4ain|;; 
capillary eltttttrtaphorcsw (h*«»c« ct al. 1995} WIU 
llftms CT 1996) or acrylaiukle gcb, iuul C*^) iilit^c 
capuite. and sandwich piobe ljyl)ridl/^nl«>tt (Mul- 
der el al. 1994). Although these jjivthods jinivKtl 
succcissful. eat:h merliod requires poit-J*CR ma- 
nipulatlons mat add Tliiif. icj the iiniily^s ajiO 
ni»y lead Iti Jabu^Uuty i ♦nilnirniiaiion. The 
.sample ihiuiiglipul uf Ujc^c illrllllJU^ i.s llmlicd 
(wH)i Ihtr i-xccpilon of the plate capture ap- 
proach)- lli«ri:fi)Ti'., llicftc methods. oK' not 
well >ujlr.d Ttfi u>c^ dviij«incllii^ bigh sojnplc 
Throughput (I.e., screenlUK of large nujubers of 
liltl||u9Ivr\.Lde^ til uiiatyy.ln^ A^HiUplva (w2 djagiiu^- . 
tic* or clinical triads), 

lUtrc wc n^i^f^rt th<: dcvt*.k>))nu*nt of .i novel 
ii.ssay for (Quantitative T^NA analyril.'). The assay Is 
hiscd on i)\t: usr. t>r ih« 5' nuC'lca.H' as^ay first 
described by Holland et al. (1991 J. TJie Juetliod 
»i.si.5 ih<-. 5' niiclca.ic aciivUy of 7Vi</ {>i;iyine.rtt.«»c: to 
i:lc.avc a noncxtcndlhU: hybridl/iUicm probe dur- 
Injt; T>ir cxtcnMon |»)»asr of VCU- Th« appruadi 
uses dual-labcJcd fluorogenic hyhridlwit Jon 
probes (Lcc ct aJ. 1J>93; Jlusslcr ct al. l99Ct; i Jvok 
rt 111, l$9fjo,V7). One. flvjoresccnt <Iyv .-vvrvcs a 
reporter |FAM (I.e., ^^carboxynuoresc^rin)! nnd its 
emission spectra is quenched by the second fluo- 
re.5c.e:nt dyft, TAMRA (l.ft., Cj-carlvixy-tetramcihyl- 
rhodamhic). TJic nvtclcase degradation t?f the hy- 
[)rki1yjitlt5ii prohe reiea^^es the queneiiiiii; of the 
I'AM fluDresceiil eiiiissloii, resullini; in an In- 
cTcaSe in peak nuortsccnl emission at nm, 
'Hie use of a sequence detector (AUI Prism) allows 
mcasuiemem of fluorej^inint sjieetra of all y6 wells 
of The incrniai cycler continuously Uurtng the 
JX:r nmphllearlon. Thorefure, tlie reueliuns ujc 
nu)?iiti)reU in real luue. Tht output data is de- 
scribed and quuntitatlve uiialysb uf input tuigcl 
DNA .sequences 15 discussed heiow. 



RESULTS 



PGR Froduci perealgn in Rm\ Time 

llie goal vYjis in develop a high-throughput, sen- 
7:itivc, i*n<l ni:euratc gene quwnili;nlnn assay for 
use in nii>nHoring lipid mcdialed thp.rapCuTlc 
gene deHvo.ry. A plasiiiJd unending human factor 
VIII gene se<iu«nce, pI»'8TM (see Methods). w;i.s 
used as a model ilierapciUie Kt««'.. 'l'^^*-* assay usr< 
flunre-stcnl Taqnian mothodolo^iy and an insiru. 
mcnt e^ijaablt: of nieasurinti ntjorosceiice in rc^\ 
time (ABl Pxism 7700 Sequence Dcicelnr). nie 
•r{K]ni;*ti fi!.ictlon requires a hybfldlaation prnbr 
loljcled witJj t>vu different fluorcficcnt dyes. One 
dye is a reporUn dy« (I^AM), the ot1>cr « :i qucnch- 
hig dye (TAMRA). When the pruln: I.s In lad, fluo- 
lesccnl energy transfer occurs and the reporter 
dye fhiorcse.etit emission is absorbed by the 
quenclilng dye (TAViRA). During Die extension 
phase of the PCK cycle, the. nuoreseenl Iiybrid- 
ly..iilnii I'ifobc Is dcaved by the 5'-.'^' nuck'olytic 
activity of thr. DNA polymerase. Oti dcavage of 
the probe, the reporter dye emission Is nt> hm^o.r 
tran.nfcrrcd efficiently to the cjucnc.hing dye, re 
suiting hi etn increase of the reporter ilyy ftuorCfc- 
ce.nt ciiit.'i.ilon ft)>eetra. l*CU primcn* and probcH 
were derii^nml fin llnf human factor VIU se- 
quence and human p-actln gene dir.^cnbt:d in 
Methods). Optimisation reactions vvcrc per- 
formed to choose the appropriate probe and 
magnesium concenuations yUMding the liighr^t 
Intensity of reporter fluorescent signal without 
sacrificing specificity. The hiMrumenl u?;cs a 
charKe-coiiplcd device (i.e., CCD camera) for 
mea.^urlng the fluorescent emlasloii speetm from 
fi(}(} to r,SO nm. i:ach rc:u tube was moniturvd 
seijuetniftlly fnr 25 m.sce whh ei>ntInuous monJ- 
toring throughout tin: onipHfieitiitm. liach lube 
wo.-% rr.-<:xandr5cd every tt.5 ?»ee. Computer soft- 
ware, was dtL-signe.d 1*) examine the f hi orescent In- 
tensity of both the reporter dye (l-AM) and 
the quenching dye (TAMilA). =J*>»e ll»<>resccii( 
intensity of the qtjenching dye, TAMUA, changes 
very Ihtle. over the course of the PCR ampllfl- 
cation (data not shown), rhc.re.fore, the Intensity 
«>f TAMllA dye emission servw hs an Unernal 
.standard wUh which to noi-iMuM>-e the reporter 
Oyi: (I'AM) cmlsslon vnriatJoits, H^e software eal- 
eulttles a value termed AHn (or A^O) using the. 
rollowlng equation: ARn - (lln'') (Hii*"), where 
Un^ emission iulenshy roporicr/cmi5sii>n in- 
tensity of quencher at any given thuc In ft rene 
rloii tube, and Pin emission initmsitity of Tt*- 
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ponei/cmlssiOT) Imv;i:.il7 i?r quencher tTJCo.surcd 

tube. I'or the purpose of quaiitUDiiou, Uk- Usi 
three data poinis (ARnS) during the 

tiMisiOJl step for each VCH cyck- wrrc anaJyxied. 
The nuc.leolylic dcj^r»i<1<TTi<>u of ihe hyurulixuiiion. 
probe ocxur5 <Uirlng ihe extcusjun phas^ or I'Ui, 
and. thiirfforc, rqiorlcr Huurcscent aiiia?»jviii In- 
creases? Ourlng UilN time. 'Jiu: ihjw daui polntn 
wcrt* averaged for cacJi I'CJK cydc and ;hc iiic«n 
value fur each w;j.s ploneO in on "aiuplMlcatlon 
plot" shown in VI^mtC ] A. 71ic MU^ mean Vciluv lA 
plc;\tcd on Ihe }'-axJS; and lime, represented by 
cycle number, is ploHwl on Ihe^-axis. During; ttie 
ttiirly cycUvi of the PCIl amp)lfli:atlon; tlit* AKn 



value ic^niains at base IJnc* wht-n Mjfficieni hy- 
l3ridj/-3l»on probe lu'is hao.n doaveU by T"'? 
]x>lymeriiw.* nut^^CirtfiC Activity, Ihu ialcnsily of ro- 
{Xiric-r nucwcjtccftl emission hiciewbivb. ^ift^^ 
ainpliPu^lions rc«ch y plaieau phoNe of roportwT 
fJuojeH-vMl cfTiiBSion if t)je tcmuIUwi h c%irru»<l (^nl 
lo high eycJe uujjiIhtin. The annjiliRraUon plot \$ 
cxaniini:tl vaily in \hi^ reaction, ut a point lh;il 
icj)jcscnt5 ihi« log phi\i;e of prm-Uici ;irniTnula» 
lion. This Js don«"by ussigning an arbjljrny 
ihrcshoki thji i.s b«.scd on the variiibilily of the 
biist^.Iine l-lgiue 1 A, the lhf^.^hold w*is srl 

at 10 standard devuilions iUnivc. the me:ni of 
baso line eniisituiii nalculated from iydcn 1 lo 1 r>. 
Once the lhfeshf))d is chosen, the point iit which 
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Flourc 1 PCR product detection in real time {A} The. Model 7700 .udware will '^I^S^rH 
'oTthe extension phase fluorescent emission data collected during the PCR ""^P So^'i C valuS 
"ration is determined Uom the data points coUcct«ri from Ihfi base Hne °< %«^P" fhe 
calculated by delermlnit^g the poini ai which the fluorescence exceeds a thresho d llrwl ^^J^^^ /J ° '^^ 
" ndar^d ^^^^^^^ of the base Hne). (B) Overlay of amplification plols of scriaHy t^J^^Kft^^^^^^^^^ 
Sna s,n,pt« amplified with p-actin primers. (O Input DNA concentraUon of U)e_»mples PI^^^^;*^^^^^^;^^^ 
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the amplincotioii ]>l(>t crossed the thrcnhold'is dc^ 
fined as Cp C,- is ri:jx>ilcd un Ihc cycle number ;ii 
tiii.*: ]><MTil. Ar ^A^l\\ be cicmunstrutiul, thu tl, .value 
h jiicUicUve oi ihc qusinlUy of input tiirj^v.t. 

Ci- Values Provide a QuanthaiJve Hf^aKurcnKnr.oi 
-Input Target Sequences 

PJgUfc IR shows amplification pluis of 3i»'ClilTi?v. 

ciii PGR dmplIficaUons wcrlaid. 'n^c nmplir^ciu- 
tions were performed on a 3:2 serial dJhitton •m'^ 
human genomic JWA. Unc (implificd tar^oi wa*. 
human p octln. The amplifjotion ))loru nhifl to 
the right (to higher threshold cycles) nn fhv, injnil 
t^rgcl qtiantlly h reduced. cxpoctod ho. 

ivjum Ti\HL:t\nm with f(»wi«r »;t.irtin^ copies n( tho 
largci molecule require grenicr ampUfication to 
dcjgradc enough probe to attain the rhreshciUi 
fluorescence. An arbitiaiy threshold of )0 strni- 
dard dcvJallon.^ above the base line was used to 
. detenniuL* tliv C^y value:;. Figure IC' repicsujits Ihc 
CIt valuey plotted versus \hv sample dilutioi! 
value, Each dilution was nmplified in tripiicatc 
Pf^R aniplifScntums and plottwl as mean vahie.s 
with error bais rcprescntin;; one standard d^vla* 
tion. The Cr v«)uei decreiise liuearly wjJh Jncrca.V 
ingiargei quaniJty. Tftu.% c;,* valmrs can be used 
as a quantitative measuicmcni of the Input laigci 
numhw. It should be nolcd that the ampllfica- 
lion plol for Ihe 15.6-nft sample shown In Plgurc 
IH does not reflect tht* same fluorescem rate of 
increase exhibited by most of the other samples, 
'llic J5.6-ng san^plc also ae)iii'.ves- c'jidpolnt pla- 
teau at a lower fluorescent value than would he 
cxjx:cted ha.scd on the input I )NA. This pJurnom- 
enon has l>cen (Observed, occasionally wiih otlier 
.sampler (data not sliown) and may be aftrlinit- 
able to lute, cycle inbibitioji; this hypothesis is 
sllll under hivestigalion. It is important to note 
that t)ie flattened slope dm\ early pJaicau do.not 
impact signlflcijiiitJy the calculativl Cj value us 
dcmon.sirateil by the fll on !}»e line .shown )n 
Fij;;urj^ IC All triplicate amplincaiions nrsulted in 
vvry similar C,- values— the standard dcrviaHon 
did not exceed 0,5 for any dlJul]on. This experi- 
ment contain.v a > 1 00,000-fold range of Input tar- 
get moIe.r.ul«s. Using Cy values for C|uaniHation 
permits a much larger assay range than dlrecliy 
using total fJuorcsceni emission inlensHy for 
qupniitation. The linear rangc.ol lluorcsccni in- 
tensity measurement of Hie. Am I'risnj 7700 Se- 

annru 
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meiits over n very large r^nijip of r<«1;<ilvr> ciMrilnp/ 
l:ir^(*t qiiantmes. 

Sample {Reparation Validation 

Several parameters influence the efiicU-nry nf 
PC:r umplification: magnesium and sail conceu: 
liatioiis, rejtctlon conditions (i.e.,, time and tern- 
perulure), VC\l target si7x and composition, 
primer sequences, and :>ample purity. A)) of t1»c 
.above (actors are common to a sinjB;le J'CK assay, 
exce.i>t sample to sample purity, in an effort to 
vHlidaie the. method of sam]>le jjreparatlon for 
the lacior VIJl assay, PCK ampliiication n»pr<uJnr.. 
ihihty and olficJcncy ol 3 0 replicate sample 
]>re|>.-iratioTis wi*re. examined. Aftftr genomic I^NA 
wa.N prepared from tile 10 replicate samples, the 
DNA was quaiJlUaied by ultjavlolci spccuoscopy. 
Ampljllcallons were performed analyzing p-aciln 
>;e.ne. content in 100 and Z5 of XoXai ;<eiiomic 
UNA. Each KIR amplification was performed in 
triplicate. C'ompdrison of C^- values for v:ach tri]). 
llcate s'iinq^ie show ininiinul variation l}asi*d on 
standard deviation ajid coefi'lcient of variance 
(Table 1). 'Iliereforc, each ol the triplicate PC:r 
ainj)lificatioris was highly roproducihle, (lemon- 
Slrailng that real time FCJ< using this tnstfurncn- 
inllon introduces minimal variation Into the. 
quatitiiaiive yen analysis. 0)7iM)arlisoTi of tbe 
mean C^, values of the 10 replicate sample prepa- 
rations also showed minimal variability, indicat- 
ing iJiat each sample preparation yielded sijniiar 
results for p-actin gene quantity. J he highest C.t 
difference between any of the samples was 0.f>5 
anil 0.7] for the ](X) and 25 ng samples, respec- 
tively. Additiona/ly, the Hini)llflc:atioii uf iradi 
sample exhibited an equivalent rale of fluorcV' 
cent emission inien&lly change per amount of 
DNA target analysed as indicoied by similar 
slopes derived from Ihc sample dihnion.s (Pig. 2). 
Any sample containing an excess of a PCk inhibi- 
tor would exhibit a greater measured 3-aciin (V 
value for a given quamiiy of DNA. In addition, 
the inhibitor would be diluted along with Ihe 
sample in the dilution analy.si.'s (H^, 2), altering 
the expected c:,. value change. Each .sample nm- 
pJificotion yielded a similar resuh in the analysis, 
demonstrating^ tijat this met! jod of sample prepa- 
ration is highly rej)roducible. with regard to 
sample purity. 

Ouaiuitatlve Analvsis of a Plasinid After 

7f\ca no/ aha vvJ acihi 7nn7/cn/7T 
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Tobl« 1. RoproduclhlUl^ of S«mpl« Pr^parAtton Method 



Sampio 



no. 



2 
3 
4 
5 
6 
7 
8 
9 
10 

Mean 



100 ng 



standard 
m^dn deviation 



CV 



18.24 
18.23 

18.33 

18.35 

1M4 

18.3 

183 

1^.42 

18.15 

18.23 

18.32 

18.4 

18.38 

18.46 

18.54 

18.67 

19 

18.28 

18.36 

18^2 

18.46 

18.7 

1 8.73 

18.18 

18.34 

18.26 

18.42. 

18.57 

1 8.66 

0 10) 



1«.27 O.Q^ 



le.*^? 0.06 



18.34 0.07 



18.23 0.08 



18.42 0.04 



18,74 0,2^ 



18.39 



1fi..« 
18.12 



0.12 



18.63 0.16 



18.29 0.1 



0.12 

0.17 



0.32 

0.36 
0.46 
0.23 
1.26 
0.66 
0.83 

0.65 

0,90 



25 ng 



Standard 
meAn deviation 



20.48 

20.55 

20.5 

20.61 

20.59 

70.41 

20.54 

20.6 

20.49 

20.48 

20,44 

20.38 

20.68 

20.87 

20.63 

21.09 

21.04 

21.04 

20.67 

20,73 

20.6S 

20.98 

20.84 

20.75 

20.46 

20.54 

20.48 

20.79 

20.78 

20.62 



20»51 
20.54 



20.68 
20.86 
20..? 1 

20.73 

20.66 



0.03 
0.11 
0.06 



20.43 0.05 



20.73 0.1 3 



21.06 0.03 



0.04 
0,12 
0.07 

0,1 

0,19 



CV 

0.17 

0.54 

0.28 

0.26 

0.61 

0.15 

0.2 

0.57 

0..32 

0.46 

0.94 



(or cojiUnining a parlljii cDNA lor huniii]! factor 
vni, pl-8TM- A 5Jcrics o/ tniOyfcciions was sot 
up using a dccrcflslng amouni of ihc plasmid*i(40, 
A, (1.5, and 0.1 p.g). IVvi-niy-four hours posl- 
t^^^u^^fci•^^on, total DNA wa^t purlflrd from t:arh 
flask uf LrlJa. p-Avliii ^jtruc tjuttulUy wai <.'1ju:.l-ji 0^ . 
« value Tor nof'mAli;^.^tiiin of >;v.iiuirui*. I'JNA ct^n- 
ccnrraiicni fivm rodi jrniiipJc. In this cxpciiniuiil, 
|3-actin ^jcnc COJllcm should remain consiani 
rdaiive to coral xuioinic UNA. Fl^wn- 3 shows ihc 
result of the p»actln DNA invaKUTeTnem (100 Jijj 
loial DNA dclcrmined by ultraviolet specrtros- 
copy) 01 each :>uii;plr. K^ch iAinple was analyzed 
in triplicate and the mean |i-actin i'lj values of 
the Iriplkates were plotted (error bars rL-prosem 



Uftw^iHii any s:ini]>lci iT)C2nK wau 0.*>5 C,^ Jen 
njnogram.sof lota) DNA uf «ac)» sample were al&o 
cx.-aiiihictd for |.V<»clln. llic icsults (If^uiu .allowed 
that v^ry siiinlar amouni.s of genomic UNA were 
present; tiu! niaxlnium mean |3 acnin C, viiluc 
diffcrc))C«: vva.s 1.0. A3 I'igUTc 3 shows, tlic rate of 
p.actin Cr diu/iK^- Ixriwoen the 100 and lO-ng 
5Ujn|3lc5 was sfn-illttT (sJo|>o vnluo!; r;ing« l>Mtwoon 
3.56 ttiiU - 3.45), TVi»« vcrlfJcs again iha( ih'tj 
nicthoti of .sample prcparoHon yields saTnjjlo.?; of 
identical PCR integrity (i.o-. no fiampie cont.-^ined 
an excessive amuunl uf a VCR InbibilOr), TTow.- 
ever, llK-sc r<:sulti; indicate that ciuh sample con- 
tained sUglit diffciences in the actual amount of 
gL'iinmlc 1>NA analyyxd. Determination of act\ial 
wenujiiic ONA ^.onccjit ration wos nccinnpUshcd 
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1^ 1.4 l.e 1*0 1.7 iJi 1^ * 2 M 
log (ng input genomic DMA) 

Fi^uns 2 Sdiiiple prepAraiion punty. 1 he repfic«tc 
samples shown In Table 1 woro ak:o an^plified in 
tnpicate vising 2S ng of each DNA sample. The fig- 
oife shows the input DNA conccntfniion (TOO af»d 
25 ng) vs. C, In ih#* IJrjurp. ihp TOO and ?f> ng 
poInU for ciach sample are connected by a line. 



hy plollJng the j-ncan (i-actn) Cj value obtained 
for «at:h lOO xig KHiaplv v»" .i p-.icvln st.milMnl 
L-uive (shown Ira J'lg- Ti^^* ocUml genomic 
ONA coiicfjilriitl"" i>f each sunipU:, wns ob 
taliicd W cxlrapolfllion 1t> tliu 

normal)7.«d) ^\lclllCillv:^ of laclor VJJJ plnnmid 
ONA (preTM) from each of the four iransicxil cell 
Irfi'Ksrctcllonft. Lach rcaclion contained )00 rtfi of 
lotal 5<iniplc DNA (as dctcrminod by UV spcctruK- 
copy}. VacU sample was yualyzeJ in triplii:^!^ 



7fl 



25- 



-i 



21 



20 



— • ■ 0 J (10 
• A 0.1 pg 



0.0 



I 

1.8 



I 1^ 1.4 ^Ji 

log (ng Input DNA) 

Figure 3 Arialybb of Udnsfectcd cdl DNA qwonllly 
and purtty. I he DNA preparations of thu four ;?93 
ceil transfeclions (40, A, 0.5, and 0.1 of pF8Tf^) 
were analy7ed for the 0-actln gene. 1 00 and 1 0 ng 
(delcrmined by ultraviolel spectroscopy) of each 
sample were amplified in triplicate. For each 
amount of pF8TM that was transfectcd, the ji-aciln 
Q values are plotted versus the tola! Input DNA 



•pc:R ympHficatiuns. As shown, pI-8*I*M pvirint.tl 
jfiuic Jbc 20H cells tlocrvsasa«i (mean C, values in- 
cnni.<«<;) with Uucrcasing amounts cif pUsmid 
iirwil^lV'Llcd. Th« mcjui values obtnincd for 
pFbTW inTlgurc 4A were plotted on ;i sUindurd 
curve 0€»mprl.Hiid uf st'jIiiHy diluted pKHTM, 
shown .in figure 4R, Thu tiuaiillty uJ pM<rM, h, 
fouud in each <jf the fouf UanfifoctionR was de- 
termined by cxtrnpnJation to tho jr uxit; of iho 
standard curve In IJ^juro 411, llnmci uncorrecicd 
values, b, for pwri'M wvFV norix)iil|yAicl io dcicr- 
ininc tJic aclu^l amount of pl'8'lM fcrvind pur 100 
rifj of gctnomac ONA by using ihc cqualion:. 

/> X IO C) Tif) ucluisl pI'S'lTvl ci»pJe.i per 
^100 ng ot i;cnc)nilc DVJA 

where a actual gciiomjc DNA m a .sample and 
(j w prB'm copies from the standorU curvv. 'Ilic 
notmoJi/icd <^uantjty of pl'8TM pcr 100 ng of ge- 
nomic DNA for each of the four 1 ran.Vfcr.iion.s in 
.shown ill Hgtuc 4JJ. 'Hitvit: m>ullJi ,Miow ibai the 
quaniJiy of factor Vlll plasiiilO ii:>soc)ateU wiili 
the 293 cells, 21 liT after ininsfviciitjii. 0i:i.ii:«jsus 
with Uccrcuslnj; pJwjimii) uim.i-.niiatjou u.sc-d In 
the tratisfct:tion. Tin: quantity of pi-ttJ'M nwocJ- 
aicu wan 293 culls, aficT irunsfccilon with 40 iitg 
of pKiSiJiid, was 35 psp<?r 100 ng sv^noirilc DNA. 
Tills results in -520 plasuiid topics per cdl. 



DISCUSSION 

We have described a now iiictluK.1 for qunntilni- 
iiift gene copy numbers using riSfllMlnic nnuly.sls 
of PCR ampllficatlnnx. ReaMlmc HCK compat- 
ible with dthiT of tlic two PC:k (kT-PCK) ap- 
proadic^: (1) quantitative con ifjttli live where An 
IiitcijJiil winpcllior for each target .sequence i» 
used for nom)aJj>;odon (data not shown) or (2) 
qtiaiitiiatlve comparative PCH udihi^ n luinurtli^a- 
tion i;eiic conlained withiii the sample (l.Ci, |3-ac- 
tin) ox a "housekeeping" gene, for RT-PCK. If 
equal amounts of nucleic uod are analy/.cd fi^r 
each saiuplc ami if the amphflcaUun effitlwu;y 
btfore quamltatlve analysb i> identical for each 
sample, ihti iTUernal cojjlml (nuimfili/^Hillmi ^ene 
or competitor) should Rive equal MKOals for all 
samples. 

The rcal-Ume PCU method (offers sevcnil ad- 
vziiitaftcs over the other two mclhotls currently 
employed (tice Ibc IntroducUon). I-irsl, the real- 
tiine PCR method is perfomted in a do.scd-lubc 
system and requires no post-PCIK n\ani|)ulallon 



From : BML PHONE No. ; 310 472 0905 Dec. 05 2002 12:24fiM P17 



HI.ID LI AL 



A B 




Flgiirn 4 Qtidntltalivo ftnofyki* of pfZJM in IransfccUrd cclb. (A) Amount of 
plasmtd DisiA uicci for Oiq irwnsfecilon pfottcd ogjinsl Uiu innun C, value deter- 
mined for pffiTM remaining hr DUcr lr«ns1cction. (0,C) Sxanci&rd ojrvr^ of 
pf^ftTM 3nd P-actIn, respccLivcfy. pfaTM DNA <fl) (Slid ycncmiic I^NA (Q were 
diluted iArlally 1;5> befoffi ^^mpliflcc^llon with the opproprinlc primeri. Tlic f^-aclin 
standard curve wav used to norni3fi>c Ihc rcsuJts of /\ to TOO f»g of genomic DNA. 
(0) The amounl of pPSTM prc^ni pc:r 100 ng of genomk DNA. 



of s^-^mplv. TherofnrG, I In* potvntid) for TCU coji- 
l.im I notion in the Isibor^itory is reduced bcciiUNc 
Amplified produciK cun hi* au»lyy.c*d and disponed 
of witiuMat opening tJu' ruMCtion lubw. SccxmO, 
this mefhod svippOi U iIjv umi iif ij iic^rnr.iljy.dtjau 
ftcnc (i-c, p-flctin) for quantitttHvc PCR or house- 
keeping genes for tjiJiiniitntivc RT-l'CK controls. 
Analysis is performed iiy real time during ihc Jog 
phase of product occumulatlon. Analysis cluflrij; 

p}jio-e permits mar'ky different ^eiic^- (over « 
wide inpiii tAr^rt rnngr) to be anaJy>rd sImuUii- 
nt!uu,-i]y, without concern of reaching re.tta»on 
pliiicnu at different cycles, Tliis will malwc ijiulll- 
jj;c:n^ «na}y$)5 assays much ca.-^iwi iv develop, be- 
cdu»c individual bitcrnct] i-uj n pet Uui> will Ix- 
needed for coch gene under anoly5l». Tliird, 
:><\inple throughput will intiea.Nc druiiialictfJly 
with the new metiiod becijusc there ja no poM- 
ViMi pmcc:iAing time. AddilionaUy, woiking In a 
*.K»-we.ll formal It )iighly conijjutible with auti>» 
Illation technology. 

The real-time 1>CR tijclhod. is )>ighly reprr>. 
ducible. RepHcjiiu atripllflcations can be auHlykeO 



for (fach sample niinlnil;£lng ]>otcntUil <frr<)r. The. 
.sysiiMTi allows' i"ot a very large us^ay dynnmJe 
runge (upproaching 1, 000,000 -fohl Miirting tin- 
gel). Ualng ti Mandurd eurve for th« torget oJ in* 
tervM/ relative copy number values can be deier- 
niJncd for any unkjiuwu ?iun)plv. hluort;sceni 
threshold vnluc*, C,v eiwirJair. linvcirly with rela- 
tive DNA eopy number.^ Ueal time qtJaniUc\llve 
K'J*'IK:J< mclhodok;gy (Glb.son et ah, ihJs Lwuc-) 
hA3 also bce.n dttvrloped. Tijialiy, reaJ time qwdn- 
titntive I*CU methodology can be usctl iwdeveJup 
high-throughput jcxeenUig Oflnay.H for n variety of 
oppJications fquantllntlvc gent; c^fuoaiun (KT- 
rCl^), gene ct5py «.naay» <l1cr2, IllV, elC.)* £Cni> 
typlng (knocHoui iTiwj>e analysij), ond Immuno- 

rcuj. 

I\nal-tin)e VCM may alM> he jnrrfotmcd using 
jniere4il»1ing dyes (Higuchi cl ul. IW^J such 05 
ciJiJdium bromide. The fluorogenic probe 
method offers a major advantage over inte.r- 
ralating dyes-- greatei specificity (i.e., primer 
dimvrs and nonsperinc PCJ^ product.s are. not de.- 
t«*rted). 
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METHODS 

Generation of <t ttasmld Cuiualnlng d Pdrtiol 
cDNA For Human Factor Ylll 

rovM RNA v»«a )>iifvr5tcU ittNAi^o» iMfinn 'l'<'l Tcsir Inc., 
hrjcnilswood, TX) from «.x'Jl> it-nafccleJ wllh a focior V1U 
rxjircasJuii vtKtor, p<:iS2.*k?.5l J (Kolon vi it!. lyKO; Gor. 
rtiftii CI al. 1990), A fi»clor VIII panlal cDNA ^rfvpirniv WOS 
;^,t'iiomic«i by in* Pf:W l<:oiicAnip I'I'lh ItNA VCM X\\ 

(pan NHOK-cn vs, j't Anp'»i*«J i»iosy&icm,s i't>suu r,;iy, 

aro Miown below), nii* ampHcon wns rcaniplifinl iiMnR 
nuHlificU I'fifof and I^rcv prlmcfS ^hjiix-iuUhI wUh /<«mlll 
and HindUl n.*slrictlon 5<rc stxjucncrs ni tl»v h' ami 
clonal into jKilCM- 3Z (rroitu'i'u Corp,. Muili-ioii, Wl). Vho 
rcsullln^c»«nr, iiPSITvl. was uwtl lor irhnsicm tTonsfcalon 



Amplificailon of Target DNA <iih( D^jIcciIqii of 
AmplicQH Facior VHI Plasmid DNA 

(rr(i<:(:AAtiAu:itJAt Aiicnwa* an<t Pttrc-v 5'-AAAc;<rr- 

luC5C:CrrOCiATt»Ii'l*AC'ifJ-.'^'. tlic fvnvlluij piuJiKfJ n •iP.Z' 
Hp K;k |iroOuci. 'J'iic forwurd priiijcr w«?i dv^Ixxvi! lu ici* 

rt^lUTi of Ihu p<Jl^Z.tKZdl> pldMiiWl (iitil ihcfcforc 

cluvs tlU( JVinJHiil/A: uiid riinjlllfy llw llviUlQli f^icuir VIII 
fiviK'. I'riinnrfc woro choKou iviili iho »v»i¥li»iH'f of I he oom. 
(>ulcr proKruiu i.<J (N«Ui«i;il ItUuccicjiccs, Inv., iHy. 

mouth, MN). The litinian P-acttn fc!Mi4' wus anipllflcd with 
llic prlmcri |l-ti«*lii» fiirwftfj primer .^' TCACCVJAClACrCT 
GCCCAT(rrAC:C':A-3' and fi-aciiij icvcrSC piiwcr .<i%< :A(;.* 

C0GAACCGcrr<:Arr(;cx.AA*jCG-3'. The reacilon pro- 
auceo a av.s np i»c:k firrxlua. 

Amplificailon reaciiuns (SO fU) coiMfiiiivd <i l)N/^ 
sample, mx 1K:k liufft'.r 11 (5 h->)» 200 (lm ilA11«, JCriT, 
ilGTP, and 4(10 |im riUn», 4 ins< MgCt^, Unlii? Ampll 
7Wi| r;NA poJymcifl5c» u.s unit Aiiiprjnetc viracli N-Riy- 
<UKC), &0 ptnolv of vAch fncloi Vlll und 1£ 

COf of (he fotlowlnf; d'^tCC'tlnii prohi^H (HUl nu riirli}i 

j'Hprt'ix- A'(VAW)Ac:cnYrj't:cA(:t:T<jfrn'(:'rm:rtn'- 

OCCTT(TAMRA)>> J'.flud p-nctin probe 5' (TAM)ATGC3(:(:- 
XCi'AMKA)CCCCf:ATGCCATr.p-.1' whrrr p indlcau-s 
phnnphoryl/kiinn find X indifotcs a linker arm nudc<»tidc. 
RcncLion UiIk-5 wrn» Mit:n]A}t\p Opiicnl TuIks (pari nUflTJ- 
I.HT NKOl 093.^, l*crldn lUniux) tliai wwe fructCH.1 (Mt IVrl;i»i 
F.lnicr) lo |>rev<-iiJ I15M frooj /cflcwHInf;. Tube coj>i wvrc 
slmiK'tk' in MiiToAiVij) c;np3 l>ul spcciAlly dciiftrtcd lo pre- 
vent li^lil scut Ivriiij}.. All (il WiO Vi'M vUmMwinui^lvj^ were bvi>^ 
j/liv.cJ by PI; Applied It306y»<<'ni9 (|J4>*K*r CMy, CX) cxccpi 
ihr factior VIU yxUucn, w)ikh wru* .tyrubcNi/t tl al Cenvn 
lech. Inc. (Scnitii Prunclsco, CA). PioIjo-v wit*» lifsljiiit-d 
iJAing the Olig'-J 4.0 .lofiwore, folk»wlnK g"'*^'*'^"^'* 

ijcsiwi in mc MoilcJ 7700 .s<»qucnce l>eta-ior ln.-inutiK'fii 
tnuiiual. Hrlcny, prubv T„ ^JiimUl hv Al Icaat l)l«lirr 
mail inr aiiiu-iillii)< iffiiiiA'i^lnfc uaciI diirliij; ilM-rmttl cy- 
rliiig; primers shovli! Jit>l fuim hUlAv Jtiplcxcv wiih Ihr 
prnbr. 

'Hic UiltiijaI I'ycMng cuiiUitloivs InrlufcU-ii 1 Jiibi ftl 
SO"!" and 10 niin at 95*C. ninrmal i7cnilg procrrcJrd wllh 
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ri-actioiis were pcrfoniied ii» lhc» Morlol 77CU) !icqucnce IX'- • 
Icnittr (PU ApplU'd UiusyvU'uiw), whirh contains a Cert' - 
Amp l»<':U SyBlwni Pt>UO. IU:a<:llon cinulilion^ w#*Tf pm* 
{^ruiiiiitv.*U ui* •! Mv»w«r MacintiMlt VI 0() (Apple C'ontpulPr, 
Santa CJara, c:a) iinkcO dinrtily lo the Model VVfm .Si*. 
c|u«iK\* iXilffcior. Aiia'y^U *iJ data w« alicti iwrformi-H on 
lUv Mwi lnUrth eompviWr. f V>lloril«n and iiiiaJyKli: toftwaro 
wt» devclo|wl HI I'K A|ip1ii.%1 BicKyftUiiiis. 

Traji^fection of Cells with Factor VIII G^nstrucl 

JViur T17.S naskfi of 293 cells (A'l a: CJRh J57:<), 3 hunwn 
feiol Iddiiey Ku^fn*nfcian cell Une« wvre Hmwn (o B0% con> 
llucm-y and transfccied plWI'M. Cdk were Krown In tliv 
following inedlfi! Sm HAM'S H12 without OUT, 50% IdwI 
|i)ucos<! J)uJI>caN)'3 fnodlflrdl'laxloiTjediuni (DMUM) wltli« 
cnn giyont: wiUi sodium bicar>>cinatc, 10% ietal Ixwinc 
scrum, 2 him i.-j;lwl<nnjnc, And 1% peniciliin-strcptomy- 
tin. The media was dianfjcd 30 mln W^^n. Uk* Ironsfcc 
lion, pJ-UTM DKA amounia of AO, 4, OS, nnd OJ wvrc 
iiUilcd to ^.S ml of a sohitloTi containing; m CluO/ 
And 1 X Ml',m. Tile four wixtwifft were Icfl at rt>om ti^ii- 

|.ic.n»<uri' f<»f lO m\t\ and iheti iiiUU-*! flrnpv;l«. iJio cellsf. 
'Hiv n»>k> wvi»-.iMi.uljulc^ a I 37"C an»i 5.% ( '.O. fnr 24 hf, 
•vashcd wiUi phs, »«i"tJ r*i.^u:*pcn<dcd In ?US. Tho M'kiih 
jn*ndi:«l cclb were divided intu wliquois und DMA WAd CV- 
tT>K:ted Iniincdiutcly usiuK Hi^' QIAuni)* KIihkI Kit (QUfjc^n. 
CUwU^wrtJi, i.VS). I>NA wii.s <;luled Into 200 h^I 30 i*iW4 

Tri6.iirjoipnH.a. 
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ABSTRACT Wnt family members are critical to many 
developmental processes, and components of the Wnt signal- 
ing pathway have been linked in tumorigenesis in familial and 
sporadic colon carcinomas. Here we report the identiflcation 
of two genes, WJSP-l and that are up- regulated in the 

mouse mammary epithelial cell line C57MG transformed by 
Wnt-1, but not by Wnt-4. Together with a third related gene, 
WISP-3, these proteins define a subfamily of the connective 
tissue growth factor family. Two distinct systems demon- 
strated WISP induction to be associated with the expression of 
Wnt-1. These included (/) C57MG cells infected with a Wnt-1 
retroviral vector or expressing Wnt-1 under the control of a 
tetracylihe repressible promoter, and (ii) Wnt-1 transgenic 
mice. The WlSP-l gene was localized to human chromosome 
8q24.1-8q24 j. WISP-1 genomic DNA was amplified in colon 
cancer cell lines and in human colon tumors and its RNA 
overexpressed (2- to >30-fold) in 84% of the tumors examined 
compared with patient-matched normal mucosa. WISP-S 
mapped to chromosome 6q22-6q23 and also was overex- 
pressed (4- to > 40-fold) in 63% of the colon tumors analyzed. 
In contrast, WISP-I mapped to human chromosome 20ql2- 
20ql3 and its DNA was amplified, but RNA expression was 
reduced (2- to > 30-fold) in 79% of the tumors. These results 
suggest that the WISP genes may be downstream of Wnt-1 
signaling and that aberrant levels of WISP expression in colon 
cancer may play a role in colon tumorigenesis. 

Wnl-1 is a member of an expanding family of cysteine-rich, 
glycosylated signaling proteins that mediate diverse develop- 
mental processes such as the control of cell proliferation, 
adhesion, cell polarity, and the establishment of cell fates (1, 
2). Wnl-1 originally was identified as an oncogene activated by 
the insertion of mouse mammary tumor virus in virus-induced 
mammary adenocarcinomas (3, 4). Although Wnt-1 is not 
expressed in the normal mammary gland, expression of Wnt-1 
in transgenic mice causes mammary tumors (5). 

In mammalian ceils, Wnt family members initiate signaling 
by binding to the seven-transmembrane spanning Frizzled 
receptors and recruiting the cytoplasmic protein Dishevelled 
(Dsh) to the cell membrane (1, 2, 6). Dsh then inhibits the 
kinase activity of the normally constitutively active glycogen 
synthase kinase-3^ (GSK-3p) resulting in an increase in 
/3-caienin levels. Stabilized ^-catenin interacts with the tran- 
scription factor TCF/Lcfl, forming a complex that appears in 
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the nucleus and binds TCF/Lefl target DNA elements to 
activate transcription (7, 8). Other experiments suggest that 
the adenomatous polyposis coli (APC) tumor suppressor gene 
also plays an important role in Wnt signaling by regulating 
P-calenin levels (9). APC is phosphorylated by GSK-3p, binds 
to p-catenin, and facilitates its degradation. Mutations in 
either APC or ^-catenin have been associated with colon 
carcinomas and melanomas, suggesting these mutations con- 
tribute to the development of these types of cancer, implicating 
the Wnt pathway in tumorigenesis (1). 

Although much has been learned about the Wnt signaling 
pathway over the past several years, only a few of the tran- 
scriptionally activated downstream components activated by 
Wnt have been characterized. Those that have been described 
cannot account for all of the diverse functions attributed to 
Wnt signaling. Among the candidate Wnt target genes are 
those encoding the nodal-related 3 gene, Xnr3j a member of 
the transforming growth factor (TGF)-/3 superfamily, and the 
homeobox genes, engrailed, goosecoid^ twin {Xtwn), and siamois 
(2). A recent report also identifies c-myc as a target gene of the 
Wnt signaling pathway (10). 

To identify additional downstream genes in the Wnt signal- 
ing pathway that are relevant to the transformed cell phcno- 
typc, we used a PCR-based cDNA subtraction strategy, sup- 
pression subtractive hybridization (SSH) (11), using RNA 
isolated from C57MG mouse mammary epithelial cells and 
C57MG cells stably transformed by a Wnt-1 retrovirus. Over- 
expression of Wnt-1 in this cell line is sufficient to induce a 
partially transformed phenotype, characterized by elongated 
and refraciile cells that lose contact inhibition and form a 
multilayered array (12, 13). We reasoned that genes differen- 
tially expressed between these two cell lines might contribute 
10 the transformed phenotype. 

In this paper, we describe the cloning and characterization 
of two genes up-regulated in Wnt-1 transformed cells, WISP-I 
and WISP'2, and a third related gene, WlSP-3, The WISP genes 
are members of the CCN family of growth factors, which 
includes connective tissue growth factor (CTGF), Cyr61, and 
novj a family not previously linked to Wnt signaling. 

MATERIALS AND METHODS 

SSH. SSH was performed by using the PCR-Select cDNA 
Subtraction Kit (CLONTECH), Tester double-stranded 



Abbreviations: TGF, transforming growth factor; CTGF, connective 
tissue growth factor; SSH, suppression subtractive hybridization; 
VWC, von Willebrand factor type C module. 
Data deposition: The sequences reported in this paper have been 
deposited in the Genbank database (accession nos. AF100777, 
AF100778. AF100779, AF100780, and AF100781). 
tTo whom reprint requests should be addressed, e-mail: dianc@gcnc. 
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cDNA was synthesized from 2 /xg of poly(A)'^ RNA isolated 
from the C57MG/Wnt-1 cell line and driver cDNA from 2 
of poiy(A)* RNA from the parent C57MG cells. The sub- 
tracted cDNA library was subcloncd into a pGEM-T vector for 
further analysis. 

cDNA Library Screening. Clones encoding full-length 
mouse WISP'] were isolated by screening a AgtlO mouse 
embryo cDNA library (CLONTECH) with a 70-bp probe from 
the original partial clone 568 sequence corresponding to amino 
acids 128-169. Clones encoding full-length human WISP-l 
were isolated by screening AgtlO lung and fetal kidney cDNA 
libraries with the same probe at low stringency. Clones en- 
coding full-length mouse and human WlSP-2 were isolated by 
screening a C57MG/Wnt-1 or human fetal lung cDNA library 
with a probe corresponding to nucleotides 1463-1512. Full- 
length cDNAs encoding WISPS were cloned from human 
bone marrow and fetal kidney libraries. 

Expression of Human WISP RNA. PGR amplification of 
first-strand cDNA was performed with human Multiple Tissue 
cDNA panels (CLONTECH) and 300 yM of each dNTF at 
94X for 1 sec, dT'C for 30 sec, 72"C for 1 min, for 22-32 cycles. 
WISP and glyceraldehyde-3rphosphatc dehydrogenase primer 
sequences are available on request. 

In Situ Hybridization, ^^P-labelcd sense and antiscnse ribo- 
probes were transcribed from an 897-bp PGR product corre- 
sponding to nucleotides 601-1440 of mouse WISP-J or a 
294-bp PCR product corresponding to nucleotides 82-375 of 
mouse WISP'2. All tissues were processed as described (40). 

Radiation Hybrid Mapping. Genomic DNA from each 
hybrid in the Stanford G3 and Genebridge4 Radiation Hybrid 
Panels (Research Genetics, Huntsville, AL) and human and 
hamster control DNAs were PCR-ampiified, and the results 
were submitted to the Stanford or Massachusetts Institute of 
Technology web servers. 

Cell Lines, Tumors, and Mucosa Specimens. Tissue speci- 
mens were obtained from the Department of Pathology (Uni- 
versity of Pittsburgh) for patients undergoing colon resection 
and from the University of Leeds, United Kingdom. Genomic 
DNA was isolated (Qiagen) from the pooled blood of 10 
normal human donors, surgical specimens, and the following 
ATCC human cell lines: SW480. COLO 320DM, HT.29. 
WiDr, and SW403 (colon adenocarcinomas), SW620 (lymph 
node metastasis, colon adenocarcinoma), HCT 116 (colon 
carcinoma), SK-CO-1 (colon adenocarcinoma, ascites), and 
HM7 (a variant of ATCC colon adenocarcinoma cell line LS 
174T). DNA concentration was determined by using Hoechst 
dye 33258 intercalation f luorimetry. Total RNA was prepared 
by homogenization in 7 M GuSCN followed by centrifugation 
over CsCl cushions or prepared by using RNAzol. 

Gene Amplification and RNA Expression Analysis. Relative 
gene amplification and RNA expression of WISPs and c-m>'c in 
the cell lines, colorectal tumors, and normal mucosa were 
determined by quantitative PCR. Gene-specific primers and 
fluorogenic probes (sequences available on request) were 
designed and used to amplify and quantitate the genes. The 
relative gene copy number was derived by using the formula 
2(Act) where ACl represents the difference in amplification 
cycles required to detect the WISP genes in peripheral blood 
lymphocyte DNA compared with colon tumor DNA or colon 
tumor RNA compared with normal mucosal RNA. The 
d-method was used for calculation of the SE of the gene copy 
number or RNA expression level. The W^/S/'-specific signal was 
normalized to that of the glyceraldehyde-3-phosphate dehy- 
drogenase housekeeping gene. All TaqMan assay reagents 
were obtained from Perkin-Elmer Applied Biosystems. 

RESULTS 

Isolation of WISP-I and WISP'2 by SSH. To identify Wnt- 
1-inducible genes, we used the technique of SSH using the 
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mouse mammary epithelial cell line C57MG and C57MG cells 
that stably express Wni-1 (11). Candidate differentially ex- 
pressed cDNAs (1,384 total) were sequenced. Thirty-nine 
percent of the sequences matched known genes or homo- 
logues, 32% matched expressed sequence tags, and 29% had 
no match. To confirm that the transcript was differentially 
expressed, semiquantitative reverse transcription-PCR and 
Northern analysis were performed by using mRNA from the 
C57MG and C57MG/Wnt-1 cells. 

Two of the cDNAs, WISP-l and WISP-2, were differentially 
expressed, being induced in the C57MG/Wnt-1 cell line, but 
not in the parent C57MG cells or C57MG cells overexpressing 
Wnt-4 (Fig. 1 A and B). Wnt-4, unlike Wnt-1, does not induce 
the morphological transformation of C57MG cells and has no 
effect on ^-catenin levels (13, 14), Expression oi WISP-I was 
up-regulated approximately 3-fold in the C57MG/Wnt-1 cell 
line and WISP'2 by approximately 5-fold by both Northern 
analysis and reverse transcription-PCR, 

An independent, but similar, system was used to examine 
WISP expression after Wnt-1 induction. C57MG cells express- 
ing the Wnt-1 gene under the control of a tetracycline- 
repressible promoter produce low amounts of Wnt-1 in the 
repressed state but show a strong induction of Wnt-1 mRNA 
and protein within 24 hr after tetracycline removal (8). The 
levels of Wnl-1 and WISP RNA isolated from these cells at 
various times after tetracycline removal were assessed by 
quantitative PCR. Strong induction of Wnl-l mRNA was seen 
as early as 10 hr after tetracycline removal. Induction of WISP 
mRNA (2- to 6-foid) was seen al 48 and 72 hr (data not shown). 
These data support our previous observations that show that 
WISP induction is correlated with Wnt-1 expression. Because 
the induction is slow, occurring after approximately 48 hr, the 
induction of WISPs may be an indirect response to Wnt-1 
signaling. 

cDNA clones of human WISP-1 were isolated and the 
sequence compared >yith mouse WISP-L The cDNA sequences 
of mouse and human WISP- 1 were 1,766 and 2,830 bp in length, 
respectively, and encode proteins of 367 aa, with predicted 
relative molecular masses of «=40,000 {Mr 40 K). Both have 
hydrophobic N-terminal signal sequences, 38 conserved cys- 
teine residues, and four potential N-linked glycosylation sites 
and are 84% identical (Fig. 14). 

Full-length cDNA clones of mouse and human WISP'2 were 
1,734 and 1,293 bp in length, respectively, and encode proteins 
of 251 and 250 aa, respectively, with predicted relative molec- 
ular masses of »«27,000 (Mr 27 K) (Fig, 25). Mouse and human 
WISP'2 are 73% identical. Human WISP'2 has no potential 
N-linked glycosylation sites, and mouse WISP-2 has one at 
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Fig. 1. WlSP'l and WISP-I are induced by Wnt-1, but not Wnt-4, 
expression in C57MG cells. Northern analysis of WISP-l {A) and 
WISP'2 (B) expression in C57MG, C57MG/Wnt-1, and C57MG/ 
Wnt-4 cells. Poly(A)* RNA (2 ^g) was subjected to Northern blot 
analysis and hybridized with a 70-bp mouse /-specific probe 

(amino acids 278-300) or a 190-bp specific probe (nucleotides 

1438-1627) in the 3' untranslated region. Blots were rehybridized with 
human ^-actin probe. 
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Fig, 2. Encoded amino acid sequence alignment of mouse and 
human WlSP-l {A) and mouse and human WISP-2 (B). The potential 
signal sequence, insulin-like growth factor-binding protein (IGF-BP), 
VWC, thrombospondin (TSP), and C-terminal (CT) domains are 
underlined. 

position 197. WISP-2 has 28 cysteine residues that are con- 
served among the 38 cysteines found in WISP-L 

Identification of WISP'S, To search for related proteins, we 
screened expressed sequence tag (EST) databases with the 
WISP-1 protein sequence and identified several ESTs as 
potentially related sequences. We identified a homologous 
protein that we have called WISP-3: A full-length human 
WlSP-3 cDNA of 1,371 bp was isolated corresponding to those 
ESTs that encode a 354-aa protein with a predicted molecular 
mass of 39,293. WISP-3 has two potential N-linked glycosyl- 
ation sites and 36 cysteine residues. An alignment of the three 
' human WISP proteins shows that WISP-1 and WlSP-3 are the 
most similar (42% identity), whereas WlSP-2 has 37% identity 
with WISP-1 and 32% identity with WISP-3 (Fig. 14). 

WISPs Are Homologous to the CTGF Family of Proteins. 
Human WISP-I, WISP-2, and WISP'3 are novel sequences; 
however, mouse WISP-l is the same as the recently identified 
Elm] gene. ElmJ is expressed in low, but not high, metastatic 
mouse melanoma cells, and suppresses the in vivo growth and 
metastatic potential of K-1735 mouse melanoma cells (15). 
Human and mouse WISP'2 are homologous to the recently 
described rat gene, rCop-l (16). Significant homology (36- 
44%) was seen to the CCN family of growth factors. This family 
includes three members, CTGF, Cyr61, and the proloonco- 
gene nov. CTGF is a chemotactic and mitogenic factor for 
fibroblasts that is implicated in wound healing and flbrotic 
disorders and is induced by TGF-^ (17). Cyr61 is an extracel- 
lular matrix signaling molecule that promotes cell adhesion, 
proliferation, migration, angiogenesis, and tumor growth (18, 
19). nov (nephroblastoma overexpressed) is an immediate 
early gene associated with quiescence and found altered in 
Wilms tumors (20). The proteins of the CCN family share 
functional, but not sequence, . similarity to Wnt-1. All are 
secreted, cysteine-rich heparin binding glycoproteins that as- 
sociate with the cell surface and extracellular matrix. 

WISP proteins exhibit the modular architecture of the CCN 
family, characterized by four conserved cysteine-rich domains 
(Fig. 38) (21). The N-terminal domain, which includes the first 
12 cysteine residues, contains a consensus sequence (GCGC- 
CXXC) conserved in most insulin-like growth factor (IGF)- 
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Fig. 3. (A) Encoded amino acid sequence alignment of human 
WISPs. The cysteine residues of WISP-1 and WISP.2 that are not 
present in WISP-3 are indicated with a dot. (B) Schematic represen- 
tation of the WISP proteins showing the domain structure and cysteine 
residues (vertical lines). The four cysteine residues in the VWC domain 
that are absent in WISP-3 are indicated with a dot. (C) Expression of 
WISP mRNA in human tissues. PGR was performed on human 
multiple-tissue cDNA panels (CLONTECH) from the indicated adult 
and fetal tissues. 

binding proteins (BP). This sequence is conserved in WISP-2 
and WISP-3, whereas WISP-1 has a glutamine in the third 
position instead of a glycine. CTGF recently has been shown 
to specifically bind IGF (22) and a truncated nov protein 
lacking the IGF-BP domain is oncogenic (23). The yon Wil- 
lebrand factor type C module (VWC), also found in certain 
collagens and mucins, covers the next 10 cysteine residues, and 
is thought to participate in protein complex formation and 
oligomerizaiion (24). The VWC domain of WISP-3 differs 
from all CCN family members described previously, in that it 
contains only six of the 10 cysteine residues (Fig. 3 A and B). 
A short variable region follows the VWC domain. The third 
module, the thrombospondin (TSP) domain is involved in 
binding to sulfated glycoconjugates and contains six cysteine 
residues and a conserved WSxCSxxCG motif first identified in 
thrombospondin (25). The C-terminal (CT) module contain- 
ing the remaining 10 cysteines is thought to be involved in 
dimerization and receptor binding (26). The CT doniain is 
present in all CCN family members described to date but is 
absent in WISP-2 (Fig. 3 A and B). The existence of a putative 
signal sequence and the absence of a transmembrane domain 
suggest that WISPs are secreted proteins, an observation 
supported by an analysis of their expression and secretion from 
mammalian cell and baculovirus cultures (data not shown). 

Expression of WISP mRNA in Human Tissues. Tissue- 
specific expression of human WISPs was characterized by PGR 
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analysis on adult and fetal multiple tissue cDNA panels. 
WISF-l expression was seen in the adult heart, kidney, lung, 
pancreas, placenta, ovary, small intestine, and spleen (Fig. 3C). 
Little or no expression was delected in the brain, liver, skeletal 
muscle, colon, peripheral blood leukocytes, prostate, testis, or 
thymus, WlSP-2 had a more restricted tissue expression and 
was detected in adult skeletal muscle, colon, ovary, and fetal 
lung. Predominant expression of WISP-B was seen in adult 
kidney and testis and fetal kidney. Lower levels of WlSP-3 
expression were delected in placenta, ovary, prostate, and 
small intestine. 

In Situ Localization of WISP-l and WISP-2. Expression of 
WISP-J aiid WlSP-2 was assessed by in situ hybridization in 
mammary tumors from Wni-1 transgenic mice. Strong expres- 
sion of WISP'l was observed in stromal fibroblasts lying within 
the fibrovascular tumor stroma (Fig. 4 A-D). However, low- 
level WISP-l expression also was observed focally within tumor 
cells (data not shown). No expression was observed in normal 
breast. Like WlSP-l, WISP-l expression also was seen in the 
tumor stroma in breast tumors from Wnt-l transgenic animals 
(Fig. 4 £-//). However, WlSP-2 expression in the stroma was 
in spindle-shaped cells adjacent to capillary vessels, whereas 





Fig. 4. {A, C, £, and C) Representative hematoxylin/eosin-stained 
images from breast tumors in Wnt-l transgenic mice. The correspond- 
ing dark-field images showing WlSP-l expression are shown in B and 
D, The tumor is a moderately well-differentiated adenocarcinoma 
showing evidence of adenoid cystic change. At low power {A and B), 
expression of WJSP-l is seen in the delicate branching fibrovascular 
tumor stroma (arrowhead). At higher magnification, expression is seen 
in the stromal(s) fibroblasts (C and D), and tumor cells are negative. 
Focal expression of WISP-l, however, was observed in tumor cells in 
some areas. Images of WISP- 2 expression are shown in E-H. At low 
power (£ and F), expression of WISP-2 is seen in ceils lying within the 
fibrovascular tumor stroma. At higher magnification, these cells 
appeared to be adjacent to capillary vessels whereas tumor cells are 
negative (G and H). 



the predominant cell type expressing WISP-I was the stromal 
fibroblasts. 

Chromosome Localization of the WISP Genes. The chro- 
mosomal location of the human WISP genes was determined 
by radiation hybrid mapping panels. WISP-I is approximately 
3.48 cR from the meiotic marker AFM259xc5 [logarithm of 
odds (lod) score 16.31] on chromosome 8q24.1 to 8q24.3, in the 
same region as the human locus of the novH family member 
(27) and roughly 4 Mbs distal to c-myc (28). Preliminary fine 
mapping indicates that WISP-I is located near D8S1712 STS. 
WISP-2 is linked to the marker SHGC-33922 (lod = 1,000) on 
chromosome 20ql2-20ql3.1. Human WISP-3 mapped to chro- 
mosome 6q22-6q23 and is linked to the marker AFM21l2e5 
(lod = 1,000). WiSP'3 is approximately 18 Mbs proximal to 
CTGF and 23 Mbs proximal to the human cellular oncogene 
l^B (27, 29). 

Amplification and Aberrant Expression oXWISPs in Human 
Colon Tumors. Amplification of protooncogenes is seen in 
many human tumors and has etiological and prognostic sig- 
nificance. For example, in a variety of tumor types, c-myc 
amplification has been associated with malignant progression 
and poor prognosis (30). Because WISP-l resides in the same 
general chromosomal location (8q24) as c-myc, we asked 
whether it was a target of gene amplification, and, if so, 
whether this amplification was independent of the z-myc locus. 
Genomic DNA from human colon cancer cell lines was 
. assessed by quantitative PGR and Southern blot analysis. (Fig. 
5 A and J3). Both methods detected similar degrees of WISP-l 
amplification. Most cell lines showed significant (2- to 4-fold) 
amplification, with the HT-29 and WiDr cell lines demonstrat- 
ing an 8-fold increase. Significantly, the pattern of amplifica- 
tion observed did not correlate with that observed for c-myc, 
indicating that the c-myc gene is not part of the amplicon that 
involves the WISP-I locus. 

We next examined whether the WISP genes were amplified 
in a panel of 25 primary human colon adenocarcinomas. The 
relative WISP gene copy number in each colon tumor DNA 
was compared with pooled normal DNA from 10 donors by 
quantitative PGR (Fig. 6). The copy number of WISP-l and 
WISP-2 was significantly greater than one, approximately 
2-fold for WISP-I in about 60% of the tumors and 2- to 4-fold 
for WISP-2 in 92% of the tumors {P < 0.001 for each). The 
copy number for WISP-3 was indistinguishable from one {P = 
0.166). In addition, the copy number of WISP-2 was signifi- 
cantly higher than that of WISP-I {P < 0.001). 

The levels of WISP transcripts in RNA isolated from 19 
adenocarcinomas and their matched normal mucosa were 
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Fig. 5. Amplification of WISP-l genomic DNA in colon cancer cell 
lines. {A) Amplification in cell line DNA was determined by quanti- 
tative PCR. {B) Southern blots containing genomic DNA (10 Mg) 
digested with EcoKl {WISP-l) ot Xbal (c-myc) were hybridized with 
a 100-bp human WISP-I probe (amino acids 186-219) or a human 
c-myc probe (located at bp 1901-2000). The WISP and myc genes are 
deteaed in normal human genomic DNA after a longer film exposure. 
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Fig. 6. Genomic amplification of WJSP genes in human colon 
tumors. The relative gene copy number of the WISP genes in 25 
adenocarcinomas was assayed by quantitative PGR, by comparing 
DNA from primary human tumors with pooled DNA from 10 healthy 
donors. The data are means ^ S£M from one experiment done in 
triplicate. The experiment was repeated at least three times. 

assessed by quantitative PGR (Fig. 7). The level of WISF-I 
RNA present in tumor tissue varied but was significantly 
increased (2- to >25-fold) in 84% (16/19) of the human colon 
tumors examined compared with normal adjacent mucosa. 
Four of 19 tumors showed greater than 10-fold overexpression. 
In contrast, in 79% (15/19) of the tumors examined, WISF-2 
RNA expression was significantly lower in the tumor than the 
mucosa. Similar to WISP-1, WISP-3 RNA was overexpressed in 
63% (12/19) of the colon tumors compared with the normal 
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Fic. 7. WISP RNA expression in primary human colon tumors 
relative to expression in normal mucosa from - the same patient 
Expression of WISP mRNA in 19 adenocarcinomas was assayed by 
quantitative PGR. The Dukes stage of the tumor is listed under the 
sample number. The data are means ± S£M from one experiment 
done in triplicate. The experiment was repeated at least twice. 



. Proc, NatL Acad, ScL USA 95 (1998) 14721 

mucosa. The amount of overexpression of WISPS ranged from 
4. to >40-fold. 



DISCUSSION 

One approach to understanding the molecular basis of cancer 
is lb identify differences in gene expression between cancer 
cells and normal cells. Strategies based on assumptions that ■ 
steady-state mRNA levels will differ between normal and' 
malignant cells have been used to clone differentially ex- 
pressed genes (31). We have used a PCR-based selection 
strategy, SSH, to identify genes selectively expressed in 
C57MG mouse mammary epithelial cells transformed by 
Wnt-l. 

Three of the genes isolated, IViSP-l, WISP-2, and H75P-5, 
are members of the CCN family of growth factors, which 
includes CTGF, Cyr61, and nov, a family not previously linked 
to Wnt signaling. 

Two independent experimental systems demonstrated that 
WISP induction was associated with the expression of Wnt-l. 
The first was C57MG cells infected with a Wnt-l retroviral 
vector or C57MG cells expressing Wnt-l under the control of 
a tetracyline-repressibie promoter, and the second was in 
Wnt-l transgenic mice, where breast tissue expresses Wnt-i; 
whereas normal breast tissue does not. No WISP RNA expres- 
sion was detected in mammary tumors induced by polyoma 
virus middle T antigen (data not shown). These data suggest 
a link between Wnt-l and WISPs in that in these two situations, 
WISP induction was correlated with Wnt-l expression. 

It is not clear whether the WISP^ are directly or indirectly 
induced by the downstream components of the Wnt-l signaling 
pathway (i.e., P-catenin-TCF-l/Lefl). The increased levels of 
WISP RNA were measured in Wnt-l -transformed cells, hours 
or days after Wnt-l transformation. Thus, WISP expression 
could result from Wnt-l signaling directly through /3-catenin 
transcription factor regulation or alternatively through Wnt-l 
signaling turning on a transcription factor, which in turn 
regulates WISP^. 

The WISPs define an additional subfamily of the CCN family 
of growth factors. One striking difference observed in the 
protein sequence of WlSP-2 is the absence of a CT domain, 
which is present in CTGF, Cyr61, nov, WISP-1, and WlSP-3. 
This domain is thought to be involved in receptor binding and 
dimerization. Growth factors, such as TGF-^, platelet-derived 
growth factor, and nerve growth factor, which contain a cystine 
knot motif exist as dimers (32). It is tempting to speculate. that 
WlSP-1 and WISP-3 may exist as dimers, whereas WISP-2 
exists as a monomer. If the CT domain is also important for 
receptor binding, .WISP-2 may bind its receptor through a 
different region of the molecule than the other CCN family 
members. No specific receptors have been identified for CTGF 
or nov. A recent report has shown that integrin av03 serves as 
an adhesion receptor for Cyr61 (33). 

The strong expression of WlSP-1 and WISP-l in cells lying 
within the fibrovascular tumor stroma in breast tumors from 
Wnt-l transgenic animals is consistent with previous obser- 
vations that transcripts for the related CTGF gene are pri- 
marily expressed in the fibrous stroma of mammary tumors 
(34). Epithelial cells are thought to control the proliferation of 
connective tissue stroma in mammary tumors by a cascade of 
growth factor signals similar to that controlling connective 
> tissue formation during wound repair. It has been proposed 
that mammary tumor cells or inflammatory cells at the tumor 
interstitial interface secrete TGF-/31, which is the stimulus for 
stromal proliferation (34). TGF-^l is secreted by a large 
percentage of malignant breast tumors and may be one of the 
growth factors that stimulates the production of CTGF and 
WISPs in the stroma. 

It was of interest that WISP-I and WISP-2 expression was 
observed in the stromal cells that surrounded the tumor cells 
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(epithelial cells) in the Wnt-1 transgenic mouse sections of 
breast tissue. This finding suggests that paracrine signaling 
could occur in which the stromal cells could supply WISP-1 and 
WlSP-2 to regulate tumor cell growth on the WISP extracel- 
lular matrix. Stromal cell-derived factors in the extracellular 
matrix have been postulated to play a role in tumor cell 
migration and proliferation (35). The localization of WlSP-1 
and WlSP-2 in the stromal cells of breast tumors supports this 
paracrine model. 

An analysis of WlSP-1 gene amplification and expression in 
human colon tumors showed a correlation between DNA 
amplification and overexpression, whereas overexpression of 
WISP'3 RNA was seen in the absence of DNA amplification. 
In contrast, WlSP-2 DNA was amplified in the colon tumors, 
but its mRNA expression was significantly reduced in the 
majority of tumors compared with the expression in normal 
colonic mucosa from the same patient. The gene for human 
WISP^ was localized to chromosome 20ql2-20ql3, at a region 
frequently amplified and associated with poor prognosis in 
node negative breast cancer and many colon cancers, suggest- 
ing the existence of one or more oncogenes at this locus 
(36-38). Because the center of the 20ql3 amplicon has not yet 
been identified, it is possible that the apparent amplification 
observed for WISP-l may be caused by another gene in this 
amplicon. 

A recent manuscript on rCop-1, the rat orthologue of 
WlSP-2, describes the loss of expression of this gene after cell 
transformation, suggesting it may be a negative regulator of 
growth in cell lines (16). Although the mechanism by which 
WlSP-2 RNA expression is down-regulated during malignant 
transformation is unknown, the reduced expression of WlSP-2 
in colon tumors and cell lines suggests that it may function as 
a tumor suppressor. These results show that the WISP genes 
are aberrantly expressed in colon cancer and suggest that their 
altered expression may confer selective growth advantage to 
the tumor. 

Members of the Wnt signaling pathway have been impli- 
cated in the pathogenesis of colon cancer, breast cancer, and 
melanoma, including the tumor suppressor gene adenomatous 
polyposis coli and jS-catenin (39). Mutations in specific regions 
of eithier gene can cause the stabilization and accumulation of 
cytoplasmic )3-catenin, which presumably contributes to hu- 
man carcinogenesis through the activation of target genes such 
as the WlSPs. Although the mechanism by which Wnt-1 
transforms cells and induces tumorigenesis is unknown, the 
identification of WISP^ as genes that may be regulated down- 
stream of Wnt-1 in C57MG cells suggests they could be 
important mediators of Wnt-1 transformation. The amplifica- 
tion and altered expression patterns of the WISPs in human 
colon tumors may indicate an important role for these genes 
in tumor development. . 
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methods. Peptides AENK or AEQK w?re dissolved in water, made isotonic with 
NaC! and diluted into RPMl growth medium. T-ceU-proliferation assays were 
done essentially as described^*^^'. Briefly, after antigen pulsing OOp-gmP' 
TTCF) with letrapeptides (1-2 mgml"'), PBMCs or EBV-B cells were 
washed in PBS and fixed for 45 s in 0.05% glutaraldehyde. Glycine was added 
to a final concentration of 0.1 M and the cells were washed five times in RPMl 
1640 medium containing 1% PCS before co-culture with T-ccD clones in 
round-bottom 96-well microtilre plates. After 48 h, the cultures were pulsed 
with 1 M-Ci of 'H-thymidine and harvested for scintillation counting 16 h later. 
Predigestion of native TTCF was done by incubating 200 p-g TTCF with 0.25 jig 
pig kidney legumain in 500 ^,1 50 mM citrate buffer, pH 5,5, for 1 h at 37 "'C. 
Glycopeptide digestions. The peptides H1DN££0I, HIDN(N-glucosamine} 
EEDI and HIDNESDI, which arc based on the TTCF sequence, and 
QQQHLFGShArrDCSGNFCLFR(KKK). which is based on human transferrin, 
were obtained by custom synthesis. The three C-terminal lysine residues were 
added to the natural sequence to aid solubility. The transferrin glycopeptide 
QQQHLFGSNVTDCSGNFCLFR was prepared by tryptic (Promega) digestion 
of 5mg reduced, carboxy- methylated human transferrin followed by 
concanavalin A chromatography*'. Glycopeptides corresponding to residues 
622-642 and 421-452 were isolated by reverse-phase HPLC and identified by 
mass spectrometry and N-terminaJ sequencing. The lyophilized transferrin- 
derived peptides were redissolved in 50 mM sodium acetate, pH 5.5, lOmM 
dithiothreitol, 20% methanol- Digestions were performed for 3 h at 30 'C with 
5-50 mUmP' pig kidney legumain or B-cell AEP. Products were analysed by 
HPLC or MALDI-TOF mass spectrometry using a matrix of lOmgml"' a- 
cyanocinnamic acid in 50% acetonitrile/0.1% TFA and a PerSeptive Biosystems 
Elite STR mass spectrometer set to linear or reflector mode. Internal standar- 
dization was obtained with a matrix ion of 568.13 mass units. 
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Fas ligand (FasL) is produced by activated T cells and natural 
killer cells and it induces apoptosis (programmed cell death) in 
target cells through the death receptor Fas/Apol/CD95 (ref. 1). 
One important role of FasL and Fas is to mediate immune- 
cytotoxic killing of cells that are potentially harmful to the 
organism, such as virus- infected or tumour cells'. Here we 
report the discovery of a soluble decoy receptor, termed decoy 
receptor 3 (DcR3), that binds to FasL and inhibits FasL-induced 
apoptosis. The DcR3 gene was amplified in about half of 35 
primary lung and colon tumouF&' studied, and DcR3 messenger 
RNA was expressed in malignant tissue. Thus, certain tumours 
may escape FasL-dependent immune-cytotoxic attack by expres- 
sing a decoy receptor that blocks FasL 

By searching expressed sequence tag (EST) databases, we identi- 
fied a set of related ESTs that showed homology to the tumour 
necrosis factor (TNF) receptor (TNFR) gene superfamil/. Using 
the overlapping sequence, we isolated a previously unknown full- 
length complementary DNA from human fetal lung. We named the 
protein encoded by this cDNA decoy receptor 3 (DcR3). The cDNA 
encodes a 300-amino-acid polypeptide that resembles members of 
the TNFR family (Fig. la): the amino terminus contains a leader 
sequence, which is followed by four tandem cysteine-rich domains 
(CRDs). Like one other TNFR homologue, osteoprotegerin (OPG)^ 
DcR3 lacks an apparent transmembrane sequence, which indicates 
that it may be a secreted, rather than a membrane-asscociated, 
molecule. We expressed a recombinant, histidine-tagged form of 
DcR3 in mammalian cells; DcR3 was secreted into the cell culture 
medium, and migrated on polyacrylamide gels as a protein of 
relative molecular mass 35,000 (data not shown). DcR3 shares 
sequence identity in particular with OPG (31%) and TNFR2 
(29%), and has relatively less homology with Fas (17%). All of 
the cysteines in the four CRDs of DcR3 and OPG are conserved; 
however, the carboxy- terminal portion of DcR3 is 101 residues 
shorter. 

We analysed expression of DcR3 mRNA in human tissues by 
northern blotting (Fig. lb). We detected a predominant 1.2-kilobase 
transcript in fetal lung, brain, and liver, and in adult spleen, colon 
and lung. In addition, we observed relatively high DcR3 mRNA 
expression in the human colon carcinoma cell line SW480. 

To investigate potential ligand interactions of DcR3, we generated 
a recombinant, Fc-tagged DcR3 protein. We tested binding of 
DcR3-Fc to human 293 cells transfected with individual TNF- 
family ligands, which are expressed as type 2 transmembrane 
proteins (these transmembrane proteins have their N termini in 
the cytosol). DcR3-Fc showed a significant increase in binding to 
cells transfected with FasL^ (Fig. 2a), but not to cells transfected with 
TNF^ Apo2UTRAIL^^ Apo3UTWEAK'», or OPGL/TRANCE/ 
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RANKL'°"'^ (data not shown). DcR3-Fc immunoprecipitated shed 
FasL from FasL-transfected 293 cells (Fig. 2b) and purified soluble 
FasL (Fig, 2c), as did the Fc-tagged ectodomain of Fas but not 
TNFRl. Gel-filtration chromatography showed that DcR3-Fc and 
soluble FasL formed a stable complex (Fig. 2d). Equilibrium 
analysis indicated that DcR3-Fc and Fas-Fc bound to soluble 
FasL with a comparable affinity (K^ = 0.8 ± 0.2 and 
Ll±0.1nM, respectively; Fig. 2e), and that DcR3-Fc could 
block nearly all of the binding of soluble FasL to Fas~Fc (Fig. 2e, 
inset). Thus, DcR3 competes with Fas for binding to FasL. 

To determine whether binding of DcR3 inhibits FasL activity, we 
tested the effect of DcR3-Fc on apoptosis induction by soluble 
FasL in Jurkat T leukaemia cells, which express Fas (Fig. 3a). DcR3- 
Fc and Fas-Fc blocked soluble-FasL-induced apoptosis in a 
similar dose-dependent manner, with half-maximal inhibition at 
— 0.1 fjLgml"'. Time-course analysis showed that the inhibition did 
not merely delay cell death, but rather persisted for at least 24 hours 
(Fig. 3b). We also tested the effect of DcR3-Fc on activation- 
induced cell death (AICD) of mature T lymphocytes, a FasL- 
dependent process'. Consistent with previous results", activation 
of ihterleukin-2 -stimulated CD4-positive T cells with anti-CD3 
aiitibody increased the level of apoptosis twofold, and Fas-Fc 
blocked this effect substantially (Fig. 3c); DcR3-Fc blocked the 



induction of apoptosis to a similar extent. Thus, DcR3 binding I 
blocks apoptosis induction by FasL. 

FasL-induced apoptosis is important in elimination of virus- 
infected cells and cancer cells by natural killer cells and cytotoxic T 
lymphocytes; an alternative mechanism involves perforin and 
granzymes'*""'*. Peripheral blood natural ' killer cells triggered 
marked cell death in Jurkat T leukaemia cells (Fig. 3d); DcR3-Fc 
and Fas-Fc each reduced killing of target cells from ^65% to 
—30%, with half-maximal inhibition at '-l^JLgm^^; the residual 
killing was probably mediated by the perforin/granz>'me pathway. 
Thus, DcR3 binding blocks FasL-dependent natural killer cell 
activity. Higher DcR3-Fc and Fas-Fc concentrations were required 
to block natural killer cell activity compared with those required to 
block soluble FasL activity, which is consistent with the greater 
potency of membrane-associated FasL compared with soluble 
FasL". 

Given the role of immune-cytotoxic cells in elimination of 
tumour cells and the fact that DcR3 can act as an inhibitor of 
FasL, we proposed that DcR3 expression might contribute to the 
ability of some tumours to escape immune-cytotoxic attack. As 
genomic amplification frequently contributes to tumorigenesis, we 
investigated whether the DcR3 gene is amplified in cancer. We 
analysed DcR3 gene-copy number by quantitative polymerase chain 
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Figure 1 Primary structure and expression ot human DcR3! a. Alignment of the 
amino-acid sequences of DcR3 and of osieoprotegerin (OPG); the C-terminal 101 
residues of OPG are not shown. The putative signal cleavage site (arrow), the 
cysteine-rich domains (CRD 1 -4), and the A/-linked glycosylation site (asterisk) are 
shown, b. Expression of DcR3 mRNA. Northern hybridization analysis was done 
usirig the DcR3 cDNA as a probe and blots of poly(A)* RNA (Clontech) from 
human fetal and adult tissues or cancer cell lines. PBL peripheral blood 
lymphocyte. 
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Figure 2 Interaction of DcR3 with FasL. a, 233 cells were transfected with pRKS 
vector (top) or with pRKS encoding full-length FasL (bonom). incubated with 
DcR3-Fc (solid line, shaded area). TNFRl -Fc (dotted line) or buffer control 
(dashed line) (the dashed and dotted lines overlap), and analysed for binding by 
FACS. Statistical analysis showed a significant difference (P < 0,001 ) between the 
binding of DcR3-Fc to cells transfected with FasL or pRK5. PE. phycoerythrin- 
labelled cells, b. 293 cells were transfected as in a and metabclically labelled, and 
cell supernatants were immunoprecipitated with Fc-tagged TNFRl. DcR3 or Fas. 
c. Purified soluble FasL {sFasL)was imrhunoprecipitated with TNFRl -Fc. DcR3- 
Fc or Fas-Fc and visualized by immunoblot with anti-FasL antibody. sFasL was 
loaded directly for comparison in the right-hand lane. d. Flag-tagged sFasL was 
incubated with DcR3-Fc or with buffer and resolved by gel filtration; column 
fractions were analysed in an assay that detects complexes containing DcR3-Fc 
and sFasL-Flag. e. Equilibrium binding of OcR3-Fc or Fas-Fc to sFasL-Rag. 
Inset competition of DcR3-Fc with Fas-Fc for binding to sFasL-Ftag. 
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reaction (PGR)'* in genomic DNA from 35 primary lung and colon 
tumours, relative to pooled genomic DNA from peripheral blood 
leukocytes (PBLs) of 10 healthy donors. Eight of 18 lung tumours 
and 9 of 17 colon tumours showed DcR3 gene amplification, 
ranging from 2- to 18- fold (Fig. 4a, b). To confirm this result, we 
analysed the colon tumour DNAs with three more, independent sets 
of DcR3-based PGR primers and probes; we observed nearly the 
same amplification (data not shown). 

We then analysed DcR3 mRNA expression in primary tumour 
tissue sections by in situ hybridization. We detected DcR3 expres- 
sion in 6 out of 15 lung tuniours, 2 out of 2 colon tumours, 2 out of 5 
breast tumours, and 1 out of 1 gastric tumour (data not shown). A 
section through a squamous-cell carcinoma of the lung is shown in 
Fig. 4c. DcR3 mRNA was localized to infiltrating malignant epithe- 
hum, but was essentially absent from adjacent stroma, indicating 
tumour-specific expression. Although the individual tumour speci- 
mens that we analysed for mRNA expression and gene amplification 
were different, the in situ hybridization results are consistent with 
the finding that the DcR3 gene is amplified frequently in tumours. 
SW480 colon carcinoma cells, which showed abundant DcR3 
mRNA expression (Fig. lb), also had marked DcR3 gene amplifica- 
tion, as shown by quantitative PGR (fourfold) and by Southern blot 
hybridization (fivefold) (data not shown). 

If DcR3 amplification in cancer is functionally relevant, then 
DcR3 should be amplified more than neighbouring genomic 
regions that are not important for tumour survival. To test this, 
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Figure 3 Inhibition of Fast activity by DcR3. a. Human Jurkat T leukaemia cells 
were incubated with Flag-tagged soluble FasL (sFasL. Sngml'') oligomerized 
with anti-Flag antibody |0.1 jiQ nir^) in the presence of the proposed inhibitors 
DcR3-Fc, Fas-Fc or human IgGi arid assayed for apoptosis (mean 2: s.e.m. of 
triplicates), b. Jurkat cells were incubated with sFasL-Flag.plus anti-Flag antibody 
as In a, in presence of 1 m-Q "il*' DcR3-Fc (filled circles), Fas-Fc (open circles) or 
human IgGi (triangles), and apoptosis was determined at the indicated time 
points, c. Peripheral blood T cells were stimulated with PHA and tnterleukin-2. 
followed by control (white bars) or anti-CD3 antibody (filled bars), together with 
phosphate-buffered saline (PBS), human IgGl. Fas-Fc. or DcR3-Fc (I0>tgmr'). 
After 16 h. apoptosis of CD4* cells was determined (mean i s.e.m. of results from 
ftve donors), d. Peripheral blood natural killer cells were incubated with ^'Cr- 
labelled Jurkat cells In the presence of DcR3-Fc (filled circles). Fas-Fc (open 
circles) or human IgGi (triangles), and target-cell death was determined by 
release of "Cr (mean t. s.d. for two donors, each in tripllcate).- 



we mapped the human DcR3 gene by radiation-hybrid analysis; 
DcR3 showed linkage to marker AFM218xe7 (T160), which maps to 
chromosome position 20ql3. Next, we isolated fi-om a bacterial 
artificial chromosome (BAG) library a human genomic clone that 
carries DcR3, and sequenced the ends of the clone's insert. We then 
determined, ft-om the nine colon tumours that showed twofold or 
greater amplification of DcR3, the copy number of the DcR3- 
flanking sequences (reverse and forward) from the BAG, and of 
seven genomic markers that span chromosome 20 (Fig. 4d). The 
DcR3-linked reverse marker showed an average amplification of 
roughly threefold, slighdy less than the approximately fourfold 
amplification of DcR3; the other markers showed little or no 
amplification. These data indicate that DcR3 may be at the *epi- 
centre* of a distal chromosome 20 region that is amplified in colon 
cancer, consistent with the possibility that DcR3 amplification 
promotes tumour survival. 

Our results show that DcR3 binds specifically to FasL and inhibits 
FasL activity. We did not detect DcR3 binding to several other TNF- 
ligand- family members; however, this does not rule out the possi- 
bility that DcR3 interacts with other ligands, as do some other 
TNFR family members, including OPG^". . 

FasL is important in regulating the immune response; however, 
little is known about how FasL function is icontrolled. One mechan- 
ism involves the molecule cFLIP, which modulates apoptosis signal- 
ling downstream of Fas^°. A second mechanism involves proteolytic 
shedding of FasL from the ceU surface'^ DcR3 competes with Fas for 
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Figure 4 Genomic amplih'cation of DcR3 in tumours, a. Lung cancers, comprising 
eight adenocarcinomas (c. d, f. g, h, j, k. r), seven squamous-cell carcinomas (a, e. 
m. n. 0. p. q). one non-small-cell carcinoma (b), one small-cell carcinoma (i), and 
one bronchial adenocarcinoma (I). The data are means i s.d. of 2 experiments 
done in duplicate, b. Colon tumours, comprising 17 adenocarcinomas. Data are 
means ± s.e.m. of five experiments done in duplicate, c. In situ hybridization 
analysis of DcR3 mRNA expression in a squamous-cell carcinoma of the lung. A 
representative bright-field image (left) and the corresponding dark-field image 
(right) show DcR3 mRNA over infiltrating malignant epithelium (arrowheads). 
Adjacent non-malignant stroma (S). blood vessel (V) and necrotic tumour tissue 
(N) are also shown, d. Average amplification of DcR3 compared with amplifica- 
tion of neighbouring genomic regions (reverse and forward. Rev and Fwd), the 
DcR3-linked marker T16O. and other chromosome-20 markers, in the nine colon 
tumours showing DcR3 amplification of twofold or more (b). Data are from two 
experiments done in duplicate. Asterisk indicates P < O.O1 for a Studerti's Hest 
comparing each rriarker with DcR3. 
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FasL binding; hence, it may represent a third mechanism of 
extraceUular regulation of FasL activity. A decoy receptor that 
modulates the function of the cytokine interleukin-1 has been 
described^'. In addition, two decoy receptors that belong to the 
TNFR family, DcRl and DcR2, regulate the FasL-related apoptosis- 
inducing molecule Apo2L". Unlike DcRl and DcR2, which are 
membrane-associated proteins, DcR3 is directly secreted into the 
extracellular space. One other secreted TNFR-family member is 
OPG\ which shares greater sequence homology with DcR3 (31%) 
than do DcRl (17%) or DcR2 (19%); OPG functions as a third 
decoy for Apo2L", Thus, DcR3 and OPG define a new subset of 
TNFR-family members that function as secreted decoys to mod- 
ulate ligands that induce apoptosis. Pox viruses produce soluble 
TNFR homologues that neutralize specific TNF-family ligands, 
thereby modulating the antiviral immune response^ Our results 
indicate that a similar mechanism, namely, production of a soluble 
decoy receptor for FasL, may contribute to immune evasion by 
certain tumours. D 

Methods 

Isolation of DcR3 cDNA. Several overlapping ESTs in GenBank (accession 
numbers AA025672, AA025673 and W67560) and in Lifeseq^'^ (Incyic 
Pharmaceuticals; accession numbers 1339238, 1533571, 1533650, 1542861. 
1789372 and 2207027) showed similarity to members of the TNFR family We 
screened human cDNA libraries by PGR with primers based on the region of 
EST consensus; fetal lung was positive for a product of the expected size. By 
hybridization to a PCR-generated probe based on the ESTs, one positive clone . 
(DNA30942) was identified. When searching for potential alternatively spliced 
forms of DcR3 that might encode a transmembrane protein, we isolated 50 
more clones; the coding regions of these clones were identical in size to that of 
the initial clone (data not shown). 

Fc-fusion proteins (immunoadhesins). The entire DcR3 sequence, or the 
ectodomain of Fas or TNFRl, was fused to the hinge and Fc region of human 
IgGl, expressed in insect SF9 cells or in human 293 cells, and purified as 
described". 

Ruorescence-activated cell sorting (FACS) analysis. We transfected 293 
cells using calcium phosphate or EfTectene (Qiagen) with pRK5 vector or pRK5 
encoding full-length human FasL* (2 M.g), together with pRK5 encoding CrmA 
(2 pig) to prevent cell death. After I6h, the cells were incubated with 
biolinylated DcR3-F,c or TNFRl -Fc and then with phycoerythrin-conjugated 
strepuvidin (GibcoBRL), and were assayed by FACS. The data were analysed by 
Kolmogorov-Smirnov statistical analysis. There was some detectable staining 
of vector-transfected cells by DcR3-Fc; as these cells express little FasL (data 
not shown), it is possible that DcR3 recognized some other factor that is 
expressed cbnstitutivdy on 293 cells. 

tmmunoprecipltation. Human 293 cells were transfected as above, and 
metabolically labelled with (^^S) cysteine and (^^S] methionine (0.5 mCi; 
Amersham), After 16 h of culture in the presence of z-VAD-fmk (10p,M), 
the medium was immunoprecipitated with DcR3-Fc, Fas-Fc or TNFRl -Fc 
(5p.g), foUowed by protein A-Sepharose (Repligen). The precipitates were 
resolved by SDS-PAGE and visualized on a phosphorimager (Fuji BAS2000). . 
Alternatively. puriAed, Flag-tagged soluble FasL (1 fig) (Alexis) was incubated 
with each Fc- fusion protein (1 ^.g). precipitated with protein A-Sepharose, 
resolved by SDS-PAGE and visualized by immunoblotting with rabbit anti- 
FasL antibody (Oncogene Research). 

Analysis of complex formation. Flag-tagged soluble FasL (25p.g) was 
incubated with buffer or with DcR3-Fc (40 jig) for 1.5 h at 24 *C. The reaction 
was loaded onto a Superdex 200 HR 10/30 column (Pharmacia) and developed 
with PBS; 0.6-ml fractions were collected. The presence of DcR3-Fc-FasL 
cornplex in each fraction was analysed by placing 100 fil aliquots into microtitre 
wells precoated with anti-human IgG (Boehringer) to capture pcR3-Fc, 
foUowed by detection with biotinylated anti-Flag antibody Bio M2 (Kodak) and 
sireptavidin-horseradish peroxidase (Amersham). Calibration of the column 
indicated an apparent relative molecular mass of the complex of 420K (data not 
shown), which is consistent with a stoichiometry of two DcR3-Fc homodimers 
to two soluble FasL homoirimers. 

Equiilbrium binding analysis. Microtitre wells were coated with anti-human 



IgG, blocked with 2% BSA in PBS. DcR3-Fc or Fas-Fc was added, followed by 
serially diluted Flag-tagged soluble FasL. Bound ligand was detected with anti- 
Flag antibody as above. In the competition assay, Fas-Fc was immobilized as 
above, and the wells were blocked with excess IgGl before addition of Flag- 
tagged soluble FasL plus DcR3-Fc. 

T-cell AlCO. CD3* lymphocytes were isolated from peripheral blood of 
individual donors using anti-CD3 magnetic beads (Mihcnyi Biotech), 
stimulated with phytohaemagglutinin (PHA; 2 |xg mT') for 24 h, and cultured 
in the presence of interleuldn-2 ( 100 U mP*) for 5 days. The cells were plated in 
wells coated with anti-CD3 antibody (Pharmingen) and analysed for apoptosis 
16 h later. by FACS analysis of annexin-V-binding of CD4* cells". 
Natural killer cell activity. Natural killer cells were isolated from peripheral 
blood of individual donors using anti-CD56 magnetic beads (Miltenyi 
Biotech), and incubated for 16 h with '*Cr-lbaded Jurkat cells at an efifector- 
to-target ratio of 1:1 in the presence of DcR3-Fc, Fas-Fc or human IgGl. 
Target -cell death was determined by release of **Cr in effector- target co- 
cultures relative to release of ^'Cr by detergent lysis of equal numbers of Jurkat 
cells. 

Gene-amplification analysis. Surgical specimens were provided by ). Kern 
(lung tumours) and P. Quirke (colon tumours). Genomic DNA was extracted 
(Qiagen) and the concentration was determined using Hpechst dye 33258 
intercalation fluorometry. Amplification was determined by quantitative PGR*' 
using a TaqMan instrument (ABI). The method was validated by comparison of 
PGR and Southern hybridization data for the Myc and HER-2 oncogenes (data 
not shown). Gene-specific primers and fluorogenic probes were designed on 
the basis of the sequence of DcR3 or of nearby regions identified on a BAG 
carrying the human DcR3 gene; alternatively, primers and probes were based 
on Stanford Human Genome Center marker AFM218xc7 (T160). which is 
linked to DcR3 (likelihood score = 5.4). SHGC-36268 (T159). the nearest 
available marker which maps to --500 kilobases from T160, and five extra 
markers that span chromosome 20. The DcR3-specific primer sequences were 
5'-CTTCTTCGCGCACGCTG-3' and 5'-ATCACGCCGGCACCAG-3' and the 
fluorogenic probe sequence was 5'-(FAM-ACACGATGCGTGCTCCAAGCAG 
AAp-(TAMARA), where FAM is 5' -fluorescein phosphoramiditc. Relative 
gene-copy numbers were derived using the formula 2^^^\ where ACT is the 
difference in amplification cycles required to detect DcR3 in peripheral blood 
lymphocyte DNA compared to test DNA. 
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ABC transporters (also known as traffic ATPases) form a large 
family of proteins responsible for the translocation of a variety 
of compounds across membranes of both prokaryotes and 
eukaryotes'. The recently completed Escherichia coli genome 
sequence revealed that the largest family of paralogous £ coli 
proteins is composed of ABC transporters\ Many eukaryotic 
proteins of medical significance belong to this family, such as 
the cystic fibrosis transmembrane conductance regulator (CFTR), 
the P-glycoprotein (or. multidrug-resistance protein) and the 
heterodimeric transporter associated with antigen processing 
(Tapl-Tap2). Here we report the crystal structure at 1.5 A resolu- 
tion of HisP, the ATP-binding subunit of the histidine permease, 
which is an ABC transporter from Salmonella typhimurium. We 
correlate the details of this structure with the biochemical, genetic 
and biophysical properties of the wild-type and several mutant 
HisP proteins. The structure provides a basis for understanding 
properties of ABC transporters and of defective CFTR proteins. 

ABC transporters contain four structural domains: two nucleo- , 
tide-binding domains (NBDs), which are highly conserved 
throughout the family, and two transmembrane domains'. In 
prokaryotes these domains are often separate subunits which are 
assembled into a membrane-bound complex; in eukaryotes the 
domains are generally fused into a single polypeptide chain. The 
periplasmic histidine permease of S. typhimurium and £ co/i'*^*** is a 
well-characterized ABC transporter that is a good model for this 
superfamily. It consists of a membrane-bound complex, HisQMP ji 
which comprises integral membrane subunits, HisQ and HisM, and 
two copies of HisP, the ATP-binding subunit. HisP, which has 
properties intermediate between those of integral and peripheral 
membrane proteins', is accessible from both sides of the membrane, 
presumably by its interaction with HisQ and HisM^ The two HisP 
subunits form a dimer, as shown by their cooperativity in ATP 
hydrolysis^, the requirement for both subunits to be present for 
activity*, and the formation of a HisP dimer upon chemical cross- 
linking. Soluble HisP also forms a dimer^. HisP has been purified 
and characterized in an active soluble form^ which can be recon- 
stituted into a fully active membrane-bound complex*. 

The overall shape of the crystal structure of the HisP monomer is 
that of an *L' with two thick arms (arm 1 and arm II); the ATP- 
binding pocket is near the end of arm I (Fig. 1). A six-stranded p- 
sheet (p3 and p8-p 12) spans both arms of the L, with a domain of a 
a- plus P-type structure (pi, P2, P4-'P7, al and a2) on one side 
(within arm I) and a domain of mostly a-helices (a3-a9) on the 




Figure 1 Crystal structure of HisR a. View of the dimer along an axis 
perpendicular to its two-fold axis. The top and bottom of the dimer are suggested 
to face towards the periplasmic and cytoplasmic sides, respectively (see text). 
The thickness of arm II is about 25 K comparable to that of membrane. a-Helices 
are shown in orange and p-sheets in green, b. View along the two-fold axis of the 
HisP dimer. showing the relative displacement of the monomers not apparent in 
a. The p-strands at the dimer interface are labelled, c. View of one monomer from 
the bonom of arm I. as shown in a. towards arm 11, showing the ATP-binding 
pocket, a-c. The protein and the bound ATP are in 'ribbon' and 'ball-and-stick' 
representations, respectively. Key residues discussed in the text are indicated in 
c. These figures were prepared with MOLSCRIPT". N. amino terminus: C, C 
terminus. 
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NOVEL APPROACH TO QUANTITATIVE POLYMERASE CHAIN. REACTION USING 
REAL-TIME DETECTION: APPLICATION TO THE DETECTION OF GENE 
AMPLIFICATION IN BREAST CANCER 

Ivan Bieche'-^, Martine Olivi', Marie-Helene Champeme^, Dominique Vidaud", Rosetie Lidereau* and Michel Vidaud'* 
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Gene amplification is a common event in the progression of 
human cancers, and amplified oncogenes have been shown to 
have diagnostic, prognostic and therapeutic relevance. A 
kinetic quantitative polymerase-chain-reaction (PCR) method, 
based on fluorescent TaqMan methodology and a new instru- 
ment (ABI Prism 7700 Sequence Detection System) capable 
of measuring fluorescence in realtime, was used to quantify 
gene amplification in tumor DNA. Reactions are character* 
ized by the point during cycling when PCR amplification Is stilt 
in the exponential phase, rather than the amount of PCR 
product accumulated after a fixed number of cycles. None of 
the reaction components is limited during the exponential 
phase, meaning that values are highly reproducible in reac- 
tions starting with the same copy number. This greatly 
improves the precision of DMA quantification. Moreover, 
real-time PCR does not require ppst-PCR sample handling, 
thereby preventing potential PCR-product carry-over con- 
tamination; it possesses a wide, dynamic range of quantifica- 
tion and results in much faster and higher sample throughput. 
The real-time PCR method, was used to develop and validate 
a simple and rapid assay for the detection and quantification 
of the 3 most frequently amplified genes (myc, ccnd7 and 
erbB2) in breast tumors. Extra copies of myc, ccnd7 and erbB2 
were observed in 10, 23 and 15%, respectively, of 108 breast- 
tumor DNA; the largest observed numbers of gene copies 
were 4.6, 18.6 and 15.1, respectively. These results correlated 
well with those of Southern blotting. The use of this new 
semi-automated technique will make molecular analysis of 
human cancers simpler and more reliable, and should find 
broad applications in clinical and research settings, int. i. 
Cancer 78:661-666, 1998. 
© 1998 Wilcy^Uss, Inc. 

Gene amplification plays an important role in the pathogenesis 
of various solid tumors, including breast cancer, probably because 
over-expression of the amplified target genes confers a selective 
advantage. The first technique used to detect genomic amplification 
was cytogenetic analysis. Amplification of several chromosome 
regions, visualized either as extrachromosomal double minutes 
(dmins) or as integrated homogeneously staining regions (HSRs), 
are among the main visible cytogenetic abnormalities in breast 
tumors. Other techniques such as comparative genomic hybridiza- 
tion (CGH) (Kallioniemi et a!., 1994) have also been used in broad 
searches for regions of increased DNA copy numbers in tumor 
cells, and have revealed some 20 amplified chromosome regions in 
breast tumors. Positional cloning efforts are underway to identify 
the critical gene(s) in each amplified region. To date, genes known 
to be amplified frequently in breast cancers include myc (8q24), 
ccnd\ ( 11 q 1 3 ), and erb^l ( 1 7q 1 2-q2 1 ) (for review, see Bieche and 
Lidereau, 1995). 

Amplification of the myc, ccnd], and erbBl proto-oncogenes 
should have clinical relevance in breast cancer, since independent 
studies have shown that these alterations can be used to identify 
sub-populations with a worse prognosis (Hems et ai, 1992; 
Schuuring et ai, 1992; Samon et ai, 1987). Muss et ai (1994) 
suggested that these gene alterations may also be useful for the 
prediction and assessment of the efficacy of adjuvant chemotherapy 
and hormone therapy. 

However, published results diverge both in terms of the fre- 
quency of these alterations and their clinical value. For instance, 
over 500 smdies in 10 years have failed to resolve the controversy 



surrounding the link suggested by Slamon et ai (1987) between 
^r^B2 amplification and disease progression. These discrepancies 
are partly due to the clinical, histological and ethnic heterogeneity 
of breast cancer, but technical considerations are also probably 
involved. 

Specific genes (DNA) were initially quantified in tumor cells by 
means of blotting procedures such as Southern and slot blotting. 
These batch techniques require large amounts of DNA (5-10 
Mg/reaction) to yield reliable quantitative results. Furthermore, 
meticulous care is required at all stages of the procedures to 
generate blots of sufficient quality for reliable dosage analysis. 
Recently, PCR has proven to be a powerftil tool for quantitative 
DNA analysis, especially with minimal starting quantities of tumor 
samples (small, early-stage tumors and formalin-fixed, parafiRn- 
embedded tissues). 

Quantitative PCR can be performed by evaluating the amount of 
product either after a given number of cycles (end-point quantita- 
tive PCR) or after a varying number of cycles during the 
exponential phase (kinetic quantitative PCR). In the first case, an 
internal standard distinct from the target molecule is required to 
ascertain PCR efficiency. The method is relatively easy but implies 
generating, quantifying and storing, an internal standard for each 
gene studied. Nevertheless, it is the most frequently applied 
method to date. 

One of the major advantages of the kinetic method is its rapidity 
in quantifying a new gene, since no internal standard is required (an 
external standard curve is sufficiem). Moreover, the kinetic method 
has a wide dynamic range (at least 5 orders of magnitude), giving 
an accurate value for samples difTering in their copy number. 
Unfortunately, the method is cumbersome and has therefore been 
rarely used. It involves aliquot sampling of each assay mix at 
regular intervals and quantifying, for each aliquot, the amplifica- 
tion product. Interest in the kinetic method has been stimulated by a 
novel approach using fluorescent TaqMan methodology and a new 
instrument (ABI Prism 7700 Sequence Detection System) capable 
of measuring fluorescence in real time (Gibson et ai, 1996; Heid et 
ai, 1996). The TaqMan reaction is based on the 5' nuclease assay 
first described by Holland et ai (1991). The latter uses the 5' 
nuclease activity of Taq polymerase to cleave a specific fluorogenic 
oligonucleotide probe during the extension phase of PCR. The 
approach uses dual-labeled fluorogenic hybridization probes (Lee 
et ai, 1993). One fluorescent dye, co-valently linked to the 5'- end 
of the oligonucleotide, serves as a reporter [FAM (i.e., 6-carboxy- 
fluorescein)] and its emission spectrum is quenched by a second 
fluorescent dye, TAMRA (i.e.. 6-carboxy-tctramethyl-rhodamine) 
attached to the 3' end. During the extension phase of the PCR 
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cycle, the fluorescent hybridization probe is hydrolyzed by the 
5'-3' nucleolytic activity of DNA polymerase. Nuclease degrada- 
tion of the probe releases the quenching of FAM fluorescence 
emission, resulting in an increase in peak fluorescence emission. 
The fluorescence signal is normalized by dividing the emission 
intensity of the reporter dye (FAM) by the emission intensity of a 
reference dye {i.e., ROX, 6-carboxy-X-rhodamine) included in 
TaqMan buffer, to obtain a ratio defined as the Rn (normalized 
reporter) for a given reaction tube. The use of a sequence detector 
enables the fluorescence spectra of all 96 wells of the thermal 
cycler to be measured continuously during PCR amplification. 

The real-time PCR method offers several advantages over other 
current quantitative PCR methods (Celi et al, 1994): (i) the 
probe-based homogeneous assay provides a real-time method for 
detecting only specific amplification products, since specific hybri- 
dation of both the primers and the probe is necessary to generate a 
signal; (ii) the Q (threshold cycle) value used for quantification is 
measured when PCR amplification is still in the log phase of PCR 
product accumulation. This is the main reason why Q is a more 
reliable measure of the starting copy number than are end-point 
measurements, in which a slight difference in a limiting component 
can have a drastic effect on the amount of product; (Hi) use of C, 
values gives a wider dynamic range (at least 5 orders of magni- 
tude), reducing the need for serial dilution; (iv) The real-time PCR 
method is run in a closed-tube system and requires no posi-PCR 
sample handling, thus avoiding poientiai contamination; (v) the 
system is highly automated, since the instrument continuously 
measures fluorescence in all 96 wells of the thermal cycler during 
PCR amplification and the corresponding software processes, and 
analyzes the fluorescence data; (vi) the assay is rapid, as results are 
available just one minute after thermal cycling is complete; (vii) the 
sample throughput of the method is high, since 96 reactions can be 
analyzed in 2 hr. 

Here, we applied this semi-automated procedure to determine 
the copy numbers of the 3 most frequently amplified genes in breast 
tumors (myc, ccndl and erbB2\ as well as 2 genes (alb and app) 
located in a chromosome region in which no genetic changes have 
been observed in breast tumors. The results for 108 breast tumors 
were compared with previous Southern-blot data for the same 
samples. 

MATERIAL AND METHODS 
Tumor and bfood samples 

Samples were obtained from 1 08 primary breast tumors removed 
surgically from patients at the Centre Rene Huguenin; none of the 
patients had undergone radiotherapy or chemotherapy. Immedi- 
ately after surgery, the tumor samples were placed in liquid 
nitrogen until extraction of high-molecular- weight DNA. Patients 
were included in this study if the tumor sample used for DNA 
preparation contained more than 60% of tumor cells (histological 
analysis). A blood sample was also taken from 18 of the same 
patients. 

DNA was extracted from tumor tissue and blood leukocytes 
according to standard methods. 

Real-time PCR 

Theoretical basis. Reactions are characterized by the point 
during cycling when amplification of the PCR product is first 
detected, rather than by the amount of PCR product accumulated 
after a fixed number of cycles. The higher the starting copy number 
of the genomic DNA target, the earlier a significant increase in 
fluorescence is observed. The parameter C, (threshold cycle) is 
defined as the fractional cycle number at which the fluorescence 
generated by cleavage of the probe passes a fixed threshold above 
baseline. The target gene copy number in unknown samples is 
quantified by measuring Q and by using a standard curve to 
determine the starting copy number. The precise amount of 
genomic DNA (based on optical density) and its quality {i.e., lack 
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of extensive degradation) are both difficult to assess. We therefore 
also quantified a control gene (alb) mapping to chromosome region 
4qll-ql3. in which no genetic alterations have been found in 
breast-tumor DNA by means of CGH (Kallioniemi et al.. 1 994). 

Thus, the ratio of the copy number of the target gene lo the copy 
number of the alb gene normalizes the amount and quality of 
genomic DNA. The ratio defining the level of amplification is 
termed **W\ and is determined as follows: 

copy number of target gene (app, myc, ccndl, erbBl) 

N = : ■ . 

copy number of reference gene (alb) 

Primers, probes, reference human genomic DNA and PCR 
consumables. Primers and probes were chosen with the assistance 
of the computer programs Oligo 4.0 (National Biosciences, Ply- 
mouth, MN), EuGene (Daniben Systems, Cincinnati, OH) and Primer 
Express (Perkin-Elmcr Applied Biosystems, Foster City, CA), 

Primers were purchased from DN Agency (Malvern, PA) and 
probes from Perkin-Elmer Applied Biosystems. 

Nucleotide sequences for the oligonucleotide hybridization 
probes and primers are available on request. 

The TaqMan PCR Core reagent kit, MicroAmp optical tubes, 
and MicroAmp caps were from Perkin-EImer Applied Biosystems. 

Standard-curve construction. The kinetic method requires a 
standard curve. The latter was constructed with serial dilutions of 
specific PCR products, according to Piatak et al. (1993). In 
practice, each specific PCR product was obtained by amplifying 20 
rig of a standard human genomic DNA (Boehringer, Mannheim, 
Germany) with the same primer pairs as those used later for 
real-time quantitative PCR, The 5 PCR products were purified 
using MicroSpin S-400 HR columns (Pharmacia, Uppsala, Swe- 
den) electrophorezed through an acrylamide gel and stained with 
ethidium bromide to check their quality. The PCR products were 
then quantified spectrophotometrically and pooled, and serially 
diluted J 0-fold in mouse genomic DNA (Cloniech, Palo Alto, CA) 
at a constant concentration of 2 ng/^il. The standard curve used for 
real-time quantitative PCR was based on serial dilutions of the pool 
of PCR products ranging from 10"' (10' copies of each gene) to 
10"'** (10^ copies). This scries of diluted PCR products was 
aliquoted and stored at -80**C until use. 

The standard curve was validated by analyzing 2 known 
quantities of calibrator human genomic DNA (20 ng and 50 hg). 

PCR amplification. Amplification mixes (50 contained the 
sample DNA (around 20 ng, around 6600 copies of disomic genes), 
lOX TaqMan buffer (5 ^1), 200 \iM dATP, dCTP, dGTP, and 400 
^M dUTP, 5 mM MgCl:, 1.25 units of AmpliTaq Gold, 0.5 units of 
AmpErase uracil N-glycosylase (UNG). 200 nM each primer and 
100 nM probe. The thermal cycling conditions comprised 2 min at 
50°C and 1 0 min al 95°C. Thermal cycling consisted of 40 cycles at 
95°C for 15 s and 65°C for 1 min. Each assay included: a standard 
curve (from 10^ to 10^ copies) in duplicate, a no-template control, 
20 ng and 50 ng of calibrator human genomic DNA (Boehringer) in 
triplicate, and about 20 ng of unknown genomic DNA in triplicate 
(26 samples can thus be analyzed on a 96-well microplate). All . 
samples with a coefficient of variation (CV) higher than 10% were 
retested. 

All reactions were performed in the ABI Prism 7700 Sequence 
Detection System (Perkin-Elmer Applied Biosystems), which ■ 
detects the signal from the fluorogenic probe during PCR. 

Equipment for real-time detection. The 7700 system has a 
built-in thermal cycler and a laser directed via fiber optical cables 
10 each of the 96 sample wells. A charge-coupled-device (CDD) 
camera collects the emission from each sample and the data are 
analyzed automatically. The software accompanying the 7700 
system calculates C, and determines the starting copy number in the 
samples. 
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Determination of gene amplification. Gene amplification was 
calculated as described above. Only samples with an N value 
higher than 2 were considered to be amplified. 

RESULTS 

To validate the method, real-time PCR was performed on 
genomic DNA extracted from 108 primary breast tumors, and 18 
normal leukocyte DNA samples from some of the same patients. 
The target genes were the myc. ccndl and erbB2 proto-oncogenes, 
and the p-amyloid precursor protein gene (app), which maps to a 
chromosome region (21q21.2) in which no genetic alterations have 
been found in breast tumors (Kallioniemi et ai, 1994). The 
reference disomic gene was the albumin gene {alb, chromosome 
4qn-ql3). 



Validation of the standard curve and dynamic range 
of real-time PCR 

The standard curve was constructed from PCR products serially 
diluted in genomic mouse DNA at a constant concentration of 
2 ^g/^l. It should be noted that the 5 primer pairs chosen to analyze 
the 5 target genes do not amplify genomic mouse DNA (data not 
shown). Figure 1 shows the real-time PCR standard curve for the 
alh gene. The dynamic range was wide (at least 4 orders of 
magnitude), with samples containing as few as 10- copies or as 
many as 1 0^ copies. 

Copy-number ratio of the 2 reference genes ^app and albj . 

The app to alb copy-number ratio was determined in 1 8 normal 
leukocyte DNA samples and all 1 08 primary breast-tumor DNA 
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Figure 1 - Albumin (alb) gene dosage by real-time PCR, Top: Amplification plots for reactions with starting alb gene copy number ranging 
from 10^ (A9), 10* {A7), 10^ (A4) to 10- (A2) and a no-template control (Al). Cycle number is plotted vs. change in nomialized reporter signal 
(ARn). For each reaction tube, the fluorescence signal of the reporter dye (FAM) is divided by the fluorescence signal of the passive reference dye 
(ROX), 10 obtain a ratio defined as the normalized reporter signal (Rn). ARn represents the normalized reporter signal (Rn) minus the baseline 
signal established in the first 15 PCR cycles. ARn increases during PCR as alb PCR product copy number increases until the reaction reaches a 
plateau. C, (threshold cycle) represents the fractional cycle number at which a significant increase in Rn above a baseline signal (horizontal black 
line) can first be detected. Two replicate plots were performed for each standard sample, but the data for only one are shown here. Bottom: 
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samples. We selected these 2 genes because they are located in 2 
chromosome regions (app, 21q21.2; alb. 4qll-ql3) in which no 
obvious genetic changes (including gains or losses) have been 
observed in breast cancers (Kallioniemi et al., 1994). The ratio for 
the 18 normal leukocyte DNA samples fell between 0.7 and 1.3 
(mean 1.02 ± 0.21). and was similar for the 108 primary breast- 
tumor DNA samples (0.6 to 1.6, mean 1.06 ± 0.25), confirming 
that alb and app are appropriate reference disomic genes for 
breast-tumor DNA. The low range of the ratios also confirmed that 
the nucleotide sequences chosen for the primers and probes were 
not polymorphic, as mismatches of their primers or probes with the 
subject's DNA would have resulted in differential amplification. 

myc, ccndl and crbB2 gene dose in normal leukocyte DNA 

To determine the cut-off point for gene amplification in breast- 
cancer tissue, 1 8 normal leukocyte DNA samples were tested for 
the gene dose (N), calculated as described in "Material and 
Methods". The N value of these samples ranged from 0.5 lo 1.3 
(mean 0.84 ± 0.22) for myc, 0.7 to 1.6 (mean 1.06 ± 0.23) for 
ccndJ and 0.6 to 1.3 (mean 0.9 1 ± 0.19) for er/7B2. Since N values 
for myc, ccndJ and erbBl in normal leukocyte DNA consistently 
fell between 0.5 and 1 .6, values of 2 or more were considered to 
represent gene amplification in tumor DNA. 

myc, ccndl and ^xhBl gene dose in breast-tumor DNA 

myc, ccndl and erbBl gene copy numbers in the 108 primary 
breast tumors are reported in Table I. Extra copies of ccndl were 
more frequent (23%, 25/108) than extra copies of erb^l (15%, 
16/108) and myc (10%, 11/108), and ranged from 2 to 18.6 for 
ccndl;! to 15.1 for erbBl^ and only 2 to 4.6 for the myc gene. 
Figure 2 and Table IT represent mmors in which the ccndl gene was 
amplified 16-fold (T145), 6-fold (T133) and non-amplified (T118). 
The 3 genes were never found to be co-amplified in the same tumor. 
erbBl and ccndl were co-amplified in only 3 cases, myc and ccndl 
in 2 cases and myc and er662 in 1 case. This favors the hypothesis 
that gene amplifications are independent events in breast cancer. 
Interestingly, 5 tumors showed a decrease of at least 50% in the 
erbBl copy number (N < 0.5), suggesting that they bore deletions 
of the 17q21 region (the site of erbBl), No such decrease in copy 
number was observed with the other 2 proto-oncogenes. 

Comparison of gene dose determined by real-time quantitative 
PCR and Southern-blot analysis 

Southem-blot analysis of myc, ccndl and erbBl amplifications 
had previously been done on the same 108 primary breast tumors. A 
perfect correlation between the results of real-time PCR and 
Southern blot was obtained for tumors with high copy numbers 
(N > 5). However, there were cases (1 myc, 6 ccndl and 4 erbBl) 
in which real-time PCR showed gene amplification whereas 
Southem-blot did not, but these were mainly cases with low extra 
copy numbers (N from 2 to 2.9). 

DISCUSSION 

The clinical applications of gene amplification assays are 
currently limited, but would certainly increase if a simple, standard- 
ized and rapid method were perfected. Gene amplification status 
has been studied mainly by means of Southern blotting, but this 
method is not sensitive enough to detect low-level gene amplifica- 
tion nor accurate enough to quantify the full range of amplification 
values. Southern blotting is also time-consuming, uses radioactive 



TABLE I - DISTRIBUTION OF AMPLIFICATION LEVEL (N) FOR myc. 
ccndl AND erbhl GENES IN 108 HUMAN BREAST TUMORS 



Gene 




Amplification level (N) 




<0.5 


0.5-1.9 2-4.9 


as 


myc 


0 


97(89.8%) 11 (10.2%) 


0 


ccndl 


0 


83(76.9%) 17(15.7%) 


8 (7.4%) 


erbBl 


5 (4.6%) 


87 (80.6%) 8 (7.4%) 


8 (7.4%) 



reagents and requires relatively large amounts of high-quality 
genomic DNA, which means it cannot be used routinely in many 
laboratories. An amplification step is therefore required to deter- 
mine the copy number of a given target gene from minimal 
quantities of tumor DNA (small early-stage tumors, cytopunciure 
specimens or formalin-fixed, paraffin-embedded tissues). 

In this study, we validated a PCR method developed for the 
quantification of gene over-representation in rumors. The method, 
based on real-time analysis of PCR amplification, has several 
advantages over other PCR-based quantitative assays such as 
competitive quantitative PCR (Celi et ai, 1 994). First, the real-time 
PCR method is performed in a closed-tube system, avoiding the 
risk of contamination by amplified products. Re-amplification of 
carryover PCR products in subsequent experiments can also be 
prevented by using the enzyihe uracil N-glycosylase (UNG) 
(Longo et ai, 1990). The second advantage is the simplicity and 
rapidity of sample analysis, since no posi-PCR manipulations are 
required. Our results show that the automated method is reliable. 
We found it possible to determine, in triplicate, the number of 
copies of a target gene in more than 100 tumors per day. Third, the 
system has a linear dynamic range of at least 4 orders of magnitude, 
meaning that samples do not have to contain equal starting amounts 
of DNA. This technique should therefore be suitable for analyzing 
formal in- fixed, paraffm-embedded tissues. Fourth, and above all, 
real-time PCR makes DNA quantification much more precise and 
reproducible, since it is based on Q values rather than end-point 
measurement of the amoimt of accumulated PCR product. Indeed, 
the ABI Prism 7700 Sequence Detection System enables C, to be 
calculated when PCR amplification is still in the exponential phase 
and when none of the reaction components is rate-limiting. The 
within-run CV of the Q value for calibrator human DNA (5 
replicates) was always below 5%, and the between-assay precision 
in 5 different runs was always below 1 0% (data not shown). In 
addition, the use of a standard curve is not absolutely necessary, 
since the copy number can be detemiined simply by comparing the 
C, ratio of the target gene with that of reference genes. The results 
obtained by the 2 methods (with and without a standard curve) are 
similar in our experiments (data not shown). Moreover, unlike 
competitive quantitative PCR, real-time PCR does not require an 
internal control (the design and storage of internal controls and the 
validation of their amplification efficiency is laborious). 

The only potential disavantage of real-time PCR, like all other 
PCR-based methods and solid-matrix blotting techniques (South- 
ern blots and dot blots) is that is cannot avoid dilution artifacts 
inherent in the extraction of DNA from tumor cells contained iri 
heterogeneous tissue specimens. Only FISH and immunohistochem- 
istry can measure alterations on a cell-by-cell basis (Pauletti et ai, 
1996; Slamon et ai, 1989). However, FISH requires expensive 
equipment and trained personnel and is also time-consuming. 
Moreover, FISH does not assess gene expression and therefore 
cannot detect cases in which the gene product is over-expressed in 
the absence of gene amplification, which will be possible in the 
future by real-time quantitative RT-PCR, Immunohistochemistry is 
subject to considerable variations in the hands of different teams, 
owing to alterations of target proteins during the procedure, the 
different primary antibodies and fixation methods used and the 
criteria used to define positive staining. 

The results of this study are in agreement with those reported in 
the literature, (i) Chromosome regions 4qll-ql3 and 2]q21.2 
(which bear alb and app, respectively) showed no genetic alter- 
ations in the breast-cancer samples studied here, in keeping with 
the results of CGH (Kallioniemi et ai. 1994). [ii) We found that 
amplifications of these 3 oncogenes were independent events, as 
reported by other teams (Bems et ai, 1992; Borg et ai, 1992). (iii) 
The frequency and degree of myc amplification in our breast tumor 
DNA series were lower than those of ccndl and erbBl amplifica- 
tion, confirming the findings of Borg et ai (1992) and Courjal etai 
(1997). (/V) The maxima of ccndl and erbBl over-representation 
were 18-fold and 1 5-fold, also in keeping with earlier results (about 
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Figure 2 - ccndJ and alb gene dosage by real-time PGR in 3 breast tumor samples: Tl 18 (E12, C6, black squares), T133 (Gl K B4, fed squares) 
and T145 (A8, C8, blue squares). Given the C, of each sample, the initial copy number is inferred from the standard curve obtained during the same 
experiment. Triplicate plots were performed for each tumor sample, but the data for only one are shown here. The results are shown in Table 11. 



30-fold maximum) (Bems e/tf/.. 1 992; Borg a/.. 1992; Courjal 
fl/., 1997). (v) The erbBl copy numbers obtained with real-time 
PGR were in good agreement with data obtained with other 
quantitative PGR-based assays in tenns of the frequency and 
degree of amplification (An et aL, 1 995; Deng et ai, 1996; Valeron 



€t ai, 1996). Our results also correlate well with those recently 
published by Gelmini et at. ( 1 997), who used the TaqMan system to 
measure erbB2 amplification in a small series of breast tumors 
(n = 25), but with an instrument (LS-50B luminescence spectrom- 
eter, Perkin-Elmer Applied Biosysiems) which only allows end- 
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TABLE tl - EXAMPLES OF ccndl GENE DOSAGE RESULTS 
FROM 3 BREAST TUMORS' 



Tumor 




ccndl 






atb 




Yiccndt/a/b 


Copy- 
number 


Mean 


SD 


Copy 
nurr^r 


. Mean 


SD 


7118 


4525 






4223 










4605 


4603 


77 


4365 


4325 


89 


1.06 




4678 






4387 








T133 


59821 






9787 










61659 


61100 


nil 


10092 


10137 


375 


6.03 




61821 






10533 








T145 


128563 






7321 










125892 


125392 


3448 


7762 


7672 


316 


16.34 




121722 






7933 









'For each sample, 3 replicate experimenis were performed and ihe mean 
and the standard deviation (SD) was determined. The level of ccndJ gene 
amplification (Sccndl/alb) is determined by dividing the average ccndl 
copy nomber value by the average alb copy number value. 



point measurement of fluorescence intensity. Here we report myc 
and ccndl gene dosage in breast cancer by means of quantitative 
PCR. (vi) We found a high degree of concordance between 
real-time quantitative PCR and Southern blot analysis in terms of 
gene amplification, especially for samples with high copy numbers 
(>5-fold). The slightly higher frequency of gene amplification 
(especially ccndl and erbBl) observed by means of real-time 
quantitative PCR as compared with Southem-blot analysis may be 
explained by the higher sensitivity of thje former method. However, 
we cannot rule out the possibility that some tumors with a few extra 



gene copies observed in real-time PCR had additional copies of an 
arm or a whole chromosome (trisomy, tetrasomy or polysomy) 
rather than true gene amplification. These 2 types of genetic 
alteration (polysomy and gene amplification) could be easily 
distinguished in the fiiture by using an additional probe located on 
the same chromosome arm, but some distance from the target gene. 
It is noteworthy that high gene copy numbers have the greatest 
prognostic significance in breast carcinoma (Borg et ai, 1992; 
Slamone/fl/.. 1987). 

Finally, this technique can be applied to the detection of gene 
deletion as well as gene amplification. Indeed, we found a 
decreased copy number of erbBl (but not of the other 2 proto-, 
oncogenes) in several tumors; erbB2 is located in a chromosome 
region (17q21) reported to contain both deletions and amplifica- 
tions in breast cancer (Bieche and Lidereau, 1995). 

In conclusion, gene amplification in various cancers can be iised 
as a marker of pre-neoplasia, also for early diagnosis of cancer, 
staging, prognostication and choice of treatment. Southern blotting 
is not sufficiently sensitive, and FISH is lengthy and complex. 
Real-time quantitative PCR overcomes both these limitations, and 
is a sensitive and accurate method of analyzing large numbers of 
samples in a shon time. It should find a place in routine clinical 
gene dosage. 
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cancer cells overexpressing cyclinDl. Cancer iies. 60, 2611-2615 (2000). 

57. Kischkel, F.C., Lawrence, D. A., Chuntharapai, A., Schow, P., Kun, J., and 
Ashkenazi. A. Apo2L/TRAIL-dependent recruitment of endogenous FADD and 
Caspase-8 to death receptors 4 and 5. Immunity 12, 61 1-620 (2000). 

58. Yan, M., Marsters, S.A., Grewal, I.S., Wang, H., * Ashkenazi. A., and *Dixit, 
V.M. Identification of a receptor for BlyS demonstrates a cmcial role in himioral 
immunity. Mzfure/mTTiMTio/. 1, 37-41 (2000). 
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59. Marsters, S.A., Yan, M., Pitti, R.M., Haas, P.E., Dixit, V.M., and Ashkenazi, A. 
Interaction of the TNF homologues BLyS and APRIL with the TNF receptor 
homologues BCMA and TACI. Curr. Biol. 10, 785-788 (2000). 
. 60. Kischkel, F.C, and Ashkenazi. A . Combining enhanced metabolic labeling with 
immunoblotting to detect interactions of endogenous cellular proteins. 
BiotechniqueslS, 506-512 (2000). 

.6 1 . Lawrence, D., Shahrokh, Z., Marsters, S., Achilles, R., Shih, D. Mounho, B., 

Hillan, BL. Totpal, K. DeForge, L., Schow, P., Hooley, J., Sherwood, S., Pai, R., 
Leung, S., Khan, L., Gliniak, B., Bussiere, J., Smith, Ci, Stronii S., Kdley, S., 
Fox, J., Thomas, D., and Ashkenazi. A. Differential hepatocyte toxicity of 
recombinant Apo2L/TRAIL versions. Mature Med. 7, 383-385 (2001). 

62. . Chuntharapai, A., Dodge, K., Grimmer, K., Schroeder, K., Martsters, S.A., 

Kneppen. H.. Ashkenazi. A ., and Kim, K.J. Isotype-dependent inhibition of 
tumor growth in vivo by monoclonal antibodies to death receptor 4. J. Immunol. 
166,4891-4898(2001). 

63. Pnliarlf/T F , RrfT. M.. and Ashkenazi. A . Direct stimulation of apoptotic 
signaling by soluble Apo2L/tumor necrosis factor-related apoptosis-inducing 
ligand leads to selective killing of glioma cells. Clin. Cancer Res. 7, 1362-1369 
(2001). 

64. Wang, H., Marsters, S.A., Baker, T., Chan, B., Lee, W.P., Fu, L., Tumas, D., Yan, 
M., Dixit, V.M., * Ashkenazi. A ., and *Grewal, I.S. TACI-Ugand interactions are 
required for T cell activation and collagen-induced arthritis m mice. Nature 
Immunol. 2, 632-631 (2001). 

65. Kischkel, F.C, Lawrence, D. A., Tinel, A., Virmani, A., Schow, P., Gazdar, A.. 
TtlftTiis T / Amott, D.. and Ashkenazi. A . Death receptor recruitment of 
endogenous caspase- 1 0 and apoptosis initiation in the absence of caspase-8.. J. 
Biol. Chem. 216, 46639-46646 (2001). 

66. LeBlanc, H., Lawrence, D.A., Varfolomeev, E., Totpal, K., Morlan, J ., Schow, P., 
. Fong, S., Schwall, R., Sinicropi, D., and Ashkenazi. A T umor cell resistance to 

death receptor induced apoptosis through mutational inactivation of the 
proapoptotitc Bcl-2 homolog Bax. ;Varwre Afei/. 8, 274-281 (2002). 

67. Miller, K., Meng, G., Liu, J., Hurst, A., Hsei, V., Wong, W-L., Ekert, R., 
Lawrence, D., Sherwood, S., DeForge, L., Gaudreault., Keller, G., Sliwkowski, 
M., Ashkenazi. A ., and Presta, L. Design, Construction, and analyses of 
multivalent antibodies. J. Immunol. 170, 4854-4861 (2003). 



68. . Varfolomeev, E., Kischkel, F., Martin, F., Wanh, H., Lawrence, D., Olsson, C, 
Tom, L., Erickson, S., French, D., Schow, P., Grewal, 1. and Ashkenazi, A. 
Immune system development in APRIL knockout mice. Submitted. 

Review articles: 

1 . Ashkenazi, A., Peraita, E:, Winslow, L, Ramachandran, J., and Capon, D., J. 
Functional role of muscarinic acetylcholine receptor subtype diversity. Cold 
Spring Harbor Symposium on Quantitative Biology. LIII, 263-272 (1988). 

2. Ashkenazi, A ., Peraita, E., Winslow, L, Ramachandran, J., and Capon, D. 
Functional diversity of muscarinic receptor subtypes in cellular signal 
transduction and growth. Trends Pharmacol Scu Dec Supplement, 12-21 (1989). 

3. Chamow, S., Duhege, A., Ammanii, A., Kahn, J., Allen, D., Eichberg, J., Byrn, 
R., Capon, D., Ward, R., and Ashkenazi. A . CD4 immunoadhesins in anti-HIV 
therapy: new developments. Int. 7. Cancer Supplement 7, 69-72 (1992). 

4. Ashkenazi, A ., Capon, and D. Ward, R. Immunoadhesins, Int. Rev. Immunol. XO, 
217-225(1993). 

5. Ashkenazi, A ., and Peraita, E. Muscarinic Receptors. In Handbook of Receptors 
and Channels. (S. Peroutka, ed.), CRC Press, Boca Raton, Vol. I, p. 1-27, (1994). 

6. Krantz, S. B., Means, R. T., Jr., Lina, J., Marsters, S. A., and Ashkenazi, A. 
* Inhibition of erythroid colony formation in vitro by ganrnia interferon. In 
Molecular Biology ofHematopoiesis (N. Abraham, R. Shadduck, A. Levine F. 
Takaku, edsO Intercept Ltd. Paris, Vol. 3, p. 135-147 (1994). 

7. Ashkenazi, A . Cytokine neutralization as a potential therapeutic approach for 
SIRS and shock, J. Biotechnology in Healthcare 1, 197-206 (1994). 

8. Ashkenazi, A .; and Chamow, S. M. Immunoadhesuis: an alternative to human 
monoclonal antibodies. Ifnmunomethods: A companion to Methods in 
^/izzmo/ogy 8, 104-115 (1995). 

9. Chamow, S., and Ashkenazi, A . Immunoadhesins: Principles and Applications. 
Trends Biotech. 14, 52^60 (1996). 

10. Ashkenazi, A ., and Chamow, S. M. Immunoadhesins as research tools and 
therapeutic agents. Curr, Opin. Immunol. 9, 195-200 (1997). 

11. AshkenazLA., and Dixit, V. Death receptors: signalmg and modulation. Science 
281, 1305-1308 (1998). 

12. Ashkenazi, A ., and Dixit, V, Apoptosis control by death and decoy receptors. 
Curr, Opin. Cell. Biol: 11, 255-260 (1999). 
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13. A5.hkenazi. A. Chapters on ApoZUTRAIL; DR4, DR5, DcRl, DcR2; and DcR3. 
Online Cytokine Handbook fwww.apnet.c om/cvtokinereference/). 

14. Ashkenazi. A . Targeting death and decoy receptors of the tumor necrosis factor 
supetfaxaily. Nature Rev. Cancer 2, 420-430(2002). 

15. LeBlanc, H. and Ashkenazi, A . Apoptosis signaling by Apo2I/rRAIL. Cell Death 
and Differentiation 10, 66^75 (2003). 

16. Almasan, A. and Ashkenazi, A . Apo2LrrRAIL: apoptosis signaling, biology, and 
potential for cancer therapy. Cytokine arid Growth Factor Reviews 14, 337-348 
(2003). . . ■ 



Book: 

Antibody Fusion Proteins (Chamow, S., and Ashkenazi, A., eds., John Wiley and 
Sons Inc.) (1999). ... 



Talks: 

1. Resistance of primary HIV isolates to CD4 is independent of CD4-gpl20 binding 
affinity. UCSD Symposium, HIV Disease: Pathogenesis and Therapy. 
Greenelefe, PL, March 1991. 

2. Use of immuno-hybrids to extend the half-life of receptors. BC conference on 
Biopharmaceutical Halflife Extension. New Orleans, LA, June 1 992. 

3. Results with TNF receptor Immunoadhesins for the Treatment of Sepsis. BC 

conference on Endotoxemia and Sepsis. Philadelphia, PA, June 1992. 

4. Immunoadhesins: an alternative to human antibodies. BC conference on 
Antibody Engineering. San Diego, C A, December 1993. 

5. Tumor necrosis factor receptor: a potential therapeutic for human septic shock. 
American Society for Microbiology Meeting, Atlanta, GA, May 1993. 

6. Protective efficiacy of TNF receptor immunoadhesin vs anti-TNF monoclonal 
antibody in a rat model for endotoxic shock. 5th hitemational Congress on TNF. 
Asilomar, CA, May 1994. 

7. Interferon-Y signals via a multisubunit receptor complex that contains two types of 
polypeptide chain. American Association of Immunologists Conference. San 
Franciso,CA, July 1995. 

8. Immunoadhesins: Principles and AppUcations. Gordon Research Conference oh 
Drug Delivery in Biology and Medicine. Ventura, CA, February 1996. 
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9. Apo-2 Ligand, a new member of the TNF family that induces apoptosis in tumor 
cells. Cambridge Symposium on TNF and Related Cytokines in Treatment of 
Cancer. Hilton-Head, NC, March 1996. 

10. Induction ofapoptosis by Apo2 Ligand. American Society for Biochemistry and 

Molecular Biology, Symposium on Growth Factors and Cytokine Receptors. New 

Orleans, LA, June, 1996. 

11. Apo2 ligand, ah extracellular trigger of apojptosis. 2nd Clontech Symposium, 

Palo Alto, CA, October 1S»96. 

12. Regulation of apoptosis by members of the TNF ligand and receptor famiUes. 
Staiiford University School of Medicine, Palo Alto, CA, December 1996. 

13-. Apo-3:anovel receptor that regulates cell death and inflammation. 4th 

International Congress on Immune Consequences of Trauma, Shock, and Sepsis. 

Munich, Germany, March 1997. 

14. New members of the TNF Ugand and receptor famiUes that regulate apoptosis, 
inflammation, and immunity. UCLA School of Medicine, LA, CA, March 1997. 

15. Immunoadhesins: ah alternative to monoclonal antibodies. 5th World Conference 
on Bispecific Antibodies. Volendam, Holland, June 1 997. 

16. Control of Apo2L signaling. Cold Spring Harbor Laboratory Symposium on 
Programmed CeU Death. Cold Spring Harbor, New York. September, 1997. 

17. Chairman and speaker, Apoptosis Signaling session. IBC's 4th Annual . 
Conference on Apoptosis. San Diego, C A., October 1997. 

18. Control of Apo2L signaling by death and decoy receptors. American Association 
forthe.Advancement of Science. Philadelphia, PA, February 1998. 

19. Apo2 ligand and its receptors. American Society of Immunologists. San 
Francisco, C A, April 1998. 

2b. Death receptors and Ugands. 7th International TNF Congress. Cape Cod, MA. 

May 1998. 

21.. Apo2L as a potential therapeutic for cancer. UCLA School of Medicine. LA, 
. CA, June 1998- 

.22. Apo2L as a potential therapeutic for cancer. Gordon Research Conference on 

Cancer Chemotherapy. New London, NH, July 1998. . 
23: Control of apoptosis by Apo2L. Endocrine Society Conference, Stevenson, WA, 
' August 1998. 

24. Control of apoptosis by Apo2L. International Cytokine Society Conference, 
Jerusalem, Israel, October 1998. 



Apoptosis control by death and decoy receptors. American Association for • 
Cancer Research Conference, Whistler, BC, Canada, March 1 999. 
Apoptosis control by death and decoy receptors. American Society for 
Biochemistry and Molecular Biology Conference, San Francisco, CA, May 1999. 
Apoptosis control by death and decoy receptors. Gordon Research Conference on 
Apoptosis, New London, NH, June 1999. 

Apoptosis control by death and decoy receptors. Arthritis Foundation Research 
Conference, Alexandria GA, Aug 1999. 

Safety and anti-tumor activity of recombinant soluble Apo2L/TRAIL. Cold 
Spring Harbor Laboratory Symposium on Programmed Cell Death. . Cold Spring 
Harbor, NY, September 1999. 

The Apo2L/TRAIL system: therapeutic potential. American Association for 
Cancer Research, Lake Tahoe, NV, Feb 2000. 

Apoptosis and cancer therapy. Stanford University School of Medicine, Stanford, 
CA, Mar 2000. 

Apoptosis and cancer therapy. University of Pennsylvania School of Medicine, 
PhiUadelphia, PA, Apr 2000. 

Apoptosis signaling by Apo2L/TRAIL. International Congress on TNF. 
Trondheim, Norway, May 2000. 

The Apo2I7TRAIL system: therapeutic potential. Cap-CURE summit meeting. 
Santa Monica, GA, June 2000. 

The Apo2L^RAIL system: therapeutic potential. MD Anderson Cancer Center. 
Houston, TX, June 2000. 

Apoptosis signaling by Apo2L/rRA]L. The Protein Society, 14* Symposium. 
San Diego, CA, August 2000. 

, Anti-tumor activity of Apo2L/TRAIL. AAPS annual meeting. Indianapolis, IN 
Aug 2000. 

Apoptosis signaling and anti-cancer potential of Apo2UTRAIL. Cancer Research 
Institute, UC San Francisco, CA, September 2000. 
. Apoptosis signaling by Apo2]7TRAIL. Kenote address, TNF family 
Minisymposium, NM. Bethesda, MD, September 2000. 
Death receptors: signaling and modulation. Keystone symposium on the 
Molecular basis of cancer. Taos, NM, Jan 2001. 

Preclinical studies of Apo2L/TRAIL in cancer. Symposium on Targeted therapies 
in the treatment of lung cancer. Aspen, CO, Jan 2001. 
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42. Apoptosis signaling by Apo2UTRAIL. Wiezmann Institute of Science, Rehovot, 
Israel, March 2001. 

4i3 . Apo2L/TRAIL: Apoptosis signaling and potential for cancer therapy. Weizmann 
Institute of Science, Rehovot, Israel, March 2001. 

44. Targeting death receptors in cancer with Apo2I/rRAIL. Cell Death and Disease 
conference, North Fahnouth, MA, Jim 2001 . 

45. Targeting death receptors in cancer with Apo2L/TRAIL. Biotechnology 
Organization conference, San Diego, CA, Jun 2001 . 

46. Apo2L/TRAIL signaling and apoptosis resistance mechanisms. Gordon Research 
Conference on Apoptosis, Oxford, UK, July 2001. 

47. Apo2L/TRAJL signaling and apoptosis resistance mechanisms. Cleveland Chnic 
Foundation, Cleveland, OH, Oct 2001. 

48. Apoptosis signaling by death receptors: overview. International Society for 
Interferon and Cytokine Research conference, Cleveland, OH, Oct 2001. 

49. • Apoptosis signaling by death receptors. American Society of Nephrology 

Conference. San Francisco, CA, Oct 200 1 . 

50. Targeting death receptors in cancer. Apoptosis: commercial opportunities. San 
Diego, CA, Apr 2002. 

5 i . Apo2I/rRAIL signaling and apoptosis resistance mechanisms. Kimmel Cancer 
Research Center, Johns Hopkins University, Baltimore MD. May 2002. 

52. Apoptosis control by Apo2LyTRAIL. (Keynote Address) University of Alabama 
Cancer Center Retreat, Birmingham, Ab. October 2002. 

53. Apoptosis signaling by Apo2L/rRAIL. (Session co-chair) TNF international. 
• conference. San Diego, C A. October 2002. 

54. Apoptosis signaUng by Apo2LyTRAIL. Swiss Institute for Cancer Research 
(ISREC). Lausanne, Swizerland. Jan 2003. 

55. Apoptosis induction with Apo2I7TRAIL. Conference on New Targets and 
. Innovative Strategies in Cancer Treatment. Monte Carlo. February 2003. 

. 56. Apoptosis signaling by Apo21/rRAIL. Heraielin Brain Tumor Center 
Symposium on Apoptosis. Detroit, MI. April 2003. 

57. ■ Targeting apoptosis through death receptors. Sixth Annual Conference on 

Targeted Therapies in the Treatment of Breast Cancer. Kona, Hawaii. July 2003. 

58. . Targeting apoptosis through death receptors. Second International Conference on 

Targeted Cancer Therapy. Washington, DC. Aug 2003. 



Issued Patents: 
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1. Ashkenazi,A.,Chamow.S. andKogan,T. Carbohydrate-directed crosslinking 
reagents. US patent 5,329,028 (Jul 12, 1994). 

2. Ashkenazi, A., Chamow, S. and Kogan, T, Caibohydrate-directed crosslinking 
reagents. US patent 5,605,791 (Feb 25, 1997).. 

3. Ashkenazi. A., Chamow, S. and Kogan, T. Carbohydrate-directed crosslinking 
reagents. US patent 5,889,155 (Jul 27, 1999). 

4: Ashkenazi, A., APO-2 Ligand. US patent 6,030,945 (Feb 29, 2000). 

5. Ashkenazi, A., Chuntharapai, A., Kim, J., APO-2 Ugand antibodies. US patent 6, 
046, 048 (Apr 4, 2000). 

6. Ashkenazi, A., Chamow, S. and Kogan, T. Carbohydrate-directed crosslinking ; 
reagents. US patent 6,124,435 (Sep 26, 2000). 

7. Ashkenazi, A., Chiintharapai, A.,. Kim, J., Method for making monoclonal and cross- 
reactive antibodies. US patent 6,252,050 (Jun 26, 2001). 

8. Ashkenazi, A. APO-2 Receptor., US patent 6,342,369 (Jan 29, 2002). 

9. . Ashkenazi, A. Fong,S.,Goddard, A., Gumey, A., Napier, M.,Tumas,D., Wood, W. 

A-33 polypeptides. US patent 6,410,708 (Jun 25, 2002). 

10. Ashkenazi, A. APO-3 Receptor. US patent 6,462,176 Bl (Oct 8, 2002). 

11. Ashkenazi, A. AP0-2LI and APO-3 polypeptide antibodies. US patent 6,469.144 B 1 
(Oct 22, 2002). 

12. Ashkenazi. A., Chamow, S. and Kogan, T. Carbohydrate-directed crosslinking 
reagents. US patent 6,582,928B1 (Jun 24, 2003). 
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Genome-wide Study of Gene Copy Numbers, 
Transcripts, and Protein Levels in Pairs of 
Non-invasive and Invasive Human Transitional 
Cell Carcinomas* 

Torben F. 0rntoft*§, Thomas ThykjaerU, Frederic M. Waldman||, Hans Wolf-, 
and Julio E. Celistt 



Gain and loss of chromosomal material Is characteristic 
of bladder cancer, as well as malignant transformation m 
general. The consequences of these changes at both the 
transcription and translation levels is at present unknown 
partly because of technical limitations. Here we have at- 
tempted to address this question in pairs of non-Invasive 
and invasive human bladder tumors using a combination 
of technology that included comparative genomic hybrid- 
ization, high density oligonucleotide array-based monitor- 
ing of transcript levels (5600 genes), and high resolution 



phenomenon at both the transcription and translation levels. 
High throughput array studies of the breast cancer ceil line 
BT474 has suggested that there is a correlation between 
DNA copy numbers and gene expression in highly amplified 
areas (2), and studies of individual genes in solid tumors 
have revealed a good correlation between gene dose and 
mRNA or protein levels in the case of c-erb-B2, cyc//n d1, 
ems7. and N-myc (3-5). However, a high cyclin D1 protein 
expression has been obsen/ed without simultaneous am- 



ing oi xrari5.i...Hi v-— ^ r" olificatlon (4), and a low level of c-myc copy number In 

tvTo-dimensional gel electrophoresls(1lie results showed^^^ ^ - . 

that there is a gene dosage effect that in some cases 



superimposes on other regulatory mechanisms. This ef- 
fect depended (p < 0-015) on the magnrtude of the com- 
parative genomic hybridization change. In general (18 of 
23 cases), chromosomal areas with more than 2.fold gam 
of DNA showed a corresponding increase in mRNA tran- 
scripts. Areas with loss of DNA, on the other hand, 
showed either reduced or unaltered transcript levels^) Be- 
cause most proteins resolved by two-dimensional gels 
are unknown it was only possible to compare mRNA and 
protein alterations ip^relatively few cases of well focused 
abundant proteins, l^ith few exceptions we found a good 
correlation (p < 0.005) between transcript alterations and 
protein levels. The implications, as well as limitations, 
of the approach are discussed. Molecular & Cellular 
Proteomlcs 1:37-45, 2002. 



Aneuploidy is a common feature of most human cancers 
(1), but little is known about the genome-wide effect of this 
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crease was observed without concomitant c-myc protein 
overexpression (6). 

In human bladder tumors, karyotyping, fluorescent In sttu 
hybridization, and comparative genomic hybridization (CGH) 
have revealed chromosomal aberrations that seem to be 
characteristic of certain stages of disease progression. In the 
case of non-invasive pTa transitional cell carcinomas (TCCs). 
tNs includes loss of chromosome 9 or parts of It. as well as 
loss of Y in males. In minimally invasive pT1 TCCs, the fol- 
lowing alteratlonis have been reported: 2q-. 11p-. 1q+. 
11q13+. 17q+. and 20q+ (7-12). It has been sugg^ted that 
these regions harbor tumor suppressor genes and onco- 
genes; however, the large chromosomal areas involved often 
contain many genes, making meaningful predictions of the 
functional consequences of losses and gains very difficult. 

In this Investigation we have combined genome-wide tech- 
nology for detecting genomic gains and losses (CGH) with 
gene expression profiling techniques (microarrays and pro- 
teomics) to determine the effect of gene copy number on 
transcript and protein levels in pairs of non-lnvasive and in- 
vasive human bladder TCCs. 

DCPERIMENTAL PROCEDURES 
Maferiai-BladdGr tumor biopsies were sampled after inforiined 
consent was obtained and after removal of tissue f^ '^'^^f^Lt 
ogy examination. By light microscopy turners 335 and 532 we« 
sTaged by an experienced pathologist as pTa (superficial papillary). 



^ The abbreviations used are: CGH. comparative genomic hybnd- 
ization; TCC. transitional ceU carcinoma; LOH. loss of heterozygo^ 
PA-FABP, psoriasis-associated fatty ackJ-binding protein: 2D. 
two-dimertsional. 



© 2002 by Tho American Socie^ir tor Biochemisby and MoJecular Biology. Inc. 
This paper Is available on lino al httpc/ywwwjncponline-Ofg 



Molecular & Cellular Proieomics 1. 1 37 






ONAcopvnI..ana.^.NA expression ,eve,.S^^^^^ 
«I«8ston teve. o'specinc genes, and overall ^^f^^^^'^'^^jS^Z^^^ 827 compared with the non-fcwasive 

^th the non-invasive counterpart ,^^fr^^-^^^^t^^n^^^^ 
Semartturnor 532. The average nuorescent signal ratio be weeM i^jicaUng one standard 

Sft» curve in the nrtio profile represents a mean ^^'^'^^^^.'^.^^Zic^ fyjs next to it (dotted) indicate a «Uo of 

SvlaUo^ The centraf vertfca/ line (brt)*en) indicates a °' "^^tWr^ showed alterations in DNA content, the rat^ 

wKand2.0 WO. lnchron«somes where thejipn^nva^^ g^„3 each, identified by the 

S;flte of that chr^«some Is shown to the -^^^ o' the mv^e^un^^^ ^ ^ toc^ton of 

inning numbers above the ba« (the name of the 9«"« f f " '^^f " me^^^ve tumor compared with the non-Invasive counten>art: >2-fold 
tt^e dime and the coto«s Indicate the expression level of the gene in ^^^^^'T~fZ.J^f„^^ Bgwessfon shows the resulting change 
'^'r^A >2-«oWdecrease»-Ue, no ^"^^/^^^^ ?-ac«. at least haH of Ujegenes 

m expression along the chromosome; the eotefs indicate that ^^^'T^^^?. gene was absent in ohe of the samples and P«sent n 
i,r;S^ted&.ormoret.««^^^^^ 

^r^ii^giT'cir.r^^ 

UTP (Enzo) was used, together with ""'jl^^'SiiL^ 
Following m In vitro transcription reactwn. tt»,^**J^*^ 
cleotides were removed using RNeasy «»'"riS^^ scan- 
ATOV Hybrfdizatjon and Scann/ng-Anay hybndization and s«n^ 
ninT^as^Sd from a previous method (13). 10 »»f 
»,T„J;««^«d at 94 'C for 35 min in buffer containing 40 mn Trts 
p^ 81 00 mL KOAC. 30 mM MgOAc. PHor»a hyfxjd^^^^ 
S^Sgmented'cRNA In a 6X SSPE-T hybndlzatt«« bjf« Om Na^^^ 
in mM Tris dH 7 6. 0.005% Triton), was heated to 95 C lor a riMn. 
'^JX^^^ to 40 -C. and -^^^^Kt^^K 
array cartridge. The probe array was then incubated lor lenai « 
^rSlt'roUlion (60 rpm). The p«be ^y^^.^^^^^^ 
washes in 6x SSPE-T at 25 followed by 4 washes in 0-5X^PET 

rSl'c The btotlnylated cRNA -•^"'t^^.^in'SSS 
phycoerylhrin cooiugate. 10 ^rr\ (Molecular Piobes) « 6x SSPE T 



grade I and 11. respectively. tumo« 733 and?27 were staged ^ pTI 
Invasive into submucosa). 733 was staged as solid, and 827 was 

rt-rr^ntran^^^^^^ 

RNAzol B RNA isolation method (WAK-Chemw Med«»l GMBH^ 
polyW* RNA was isolated, by an ongo(dD select«n step (Oligotex 

mRNA kit; Qiagen). . ...rtinn material 

CRNA Pmpara^n- 1 m9 of mRNA was used staftr^ materal. 
TheftSand^Lnd strand cDNA synthesis ^^as performwl i«lnQfte 
S^rScript® Choice system OrwHrogen) 
turers instructions but using an oligo(dT) P"'"«'-«>"'f*f 
Xmerase binding site. Labeled cRNA was ^J^^^^"^ 
^p® in vitn, transcription kit (Ambion). Biotui-labeted CTP and 
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for 30 min at 25 "C followed by 1 0 washes in 6 x SSPE-T at 25 "C. The 
prot>e arrays were scanned at 560 nm using a confocal laser scanning 
microscope {made for Affynnetrix by Hewlett-Packard)- The readings 
from the quantitative scanning were analyzed by Affymetrix gene 
expression analysis software. 

MicrosBt^Ete Aia/ysis— Microsatellite Analysis was performed as 
described previously <14). Microsatelliies were selected by use of 
www.nobljilm.nlh.gov/genemap98, btkI primer sequences were ob- 
tained from the genome data base at www,gdb.org. DNA was extracted 
from tumor and Wood and ampBfied by PGR in a volume of 20 for 35 
cycles. The ampficons were denatured and electrophoresed for 3 h in an 
ABi Prism 377. Data were collected in the Gene Scan program for 
fragment analysis. Loss of heterozygosity was defined as less than 33% 
of one allele delected in tumor amplicons compared with blood. 

Proteomic Analysis-TCCs were minced into small pieces and 
homogenized in a small glass homogenlzer In OS ml of lysis solution. 
Samples were stored at -20 *C until use. The procedure for 2D gel 
electrophoresis has been descritjed in detail elsewhere (15. 16). Gels 
were stained with silver nitrate and/or Coomassie Brilliant Blue. Pro- 
teins were Identified by a comljinatlon of procedures that Included 
micfosequencing. mass spectrometry, two-dimensional gel Western 
immunobtotting, and comparison with the master two-dimensional gel 
Image of human keratinocyte proteins; see biobase.dk/cgi-bin/cefis. 

CGH-Hybridization of differentially labeled tumor and nomrial DNA 
to nomial metaphase chromosomes was performed as descn'bed 
previously (10). Ruorescein-labeled tumor DNA (200 ng), Texas Red- 



labeled reference DNA (200 ng). and human Cot-1 DNA (20 ftg) were 
denatured at 37 "C for 5 min and appfied to denatured normal met- 
aphase slides. Hybridization was at 37 lor 2 days: After washing, 
the slides were counterstained with 0.15 /tg/ml 4,6-diamidino-2-phe- 
nyiindoie in an anti-fade solution. A second hytjridization was per- 
formed for all tumor samples using fluoresceln-labeled reference DNA 
and Texas Red-lab^ed tumor DNA (Inverse labefing) to confirm the 
aben^tions detected during the initial hybridization. Each CGH ex- 
periment also Included a normal control hybridization using fluores- 
cein- and Texas Red-labeled nomnal DNA. Digital image analysis was 
used to identify chromosomal regions with attnormal fluorescence 
ratios, indicating regions of DNA gains and losses. The average 
green:red fluorescence intensity ratk> profiles were cateulated using 
four images of each chromosome (eight chromosomes total) with 
normalization of the greena-ed fluorescence intensity ratio for the 
entire rnetaphase and background correctton. ChrorrK)some Wentlfi- 
cation was performed based on 4,6-diamklino-2-phenylindole Ijand- 
ing pattems. Only images showing uniform high Intensity ftuores- 
cence virttb minimal background staining were analyzed. All 
centromeres, p arms of acrocentric chromosomes, and heterochro- 
matic regk}ns were excluded from the analysis. 

RESULTS 

Compara^e Genomic Hybridization^Jhe CGH ar^alysls 
identified a number of chromosonval gains and losses in the 
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Table I 

Correlation between alterations detected by CGH and by expression monitoring 
TOP CGH used as independent variable (if CGH alteration - what expression .ra«o was found); bottom, altered expressfon used as 
independent v ariable (if expression alteration ■ what CGH deviation was found). 
Tumor 733 vs. 335 



Tumor 827 vs. 532 



CGH alterations 



Expression change clusters 



Concordance CGH alterations Expression change dii^ 



Concordance 



13 Gain 



10 Loss 



10 Up-reguiation 

0 Down-regulation 

3 No change 

1 Up-regulation 

5 Down-regulation 

4 No change 



77% 



50% 



10 Gain 



12 Loss 



8 Up-regulation 
0 Down-regulation 

2 No change 

3 Up-regulatton 

2 Down regulation 
.7 No change 



Expression change clusters 



Tumor 733 vs. 335 
CGH alterations 



Concordance Expression change clusters 



Tumor 827 vs. 532 
CGH alterations 



80% 



17% 



Concordance 



16 Up-regulation 
21 Dowr)-regulation 
15 Nochange 



11 Gain 

2 Loss 

3 No change 
1 Gain 

8 Loss 

12 No change 
3 Gain 

3 Loss 

9 No change 



69% 
38% 
60% 



17 Up-regulation 
9 Down-regulation 
21 No change 



10 Gain 

5 Loss 

2 No change 

0 Gain 

3 Loss 

6 No change 

1 Gain 
3 Loss 

17 No change 



59% 
33% 
81% 



two invasive tumors (stage pT1. TCCs 733 and 827), whereas 
the two non-invasive papillomas (stage pTa. TCXDs 335 and 
532) showed only 9p-, 9q22-q33-. and and 7+, 9q-, 
and Y-. respectively. Both Invasive tumors showed changes 
(1q22-24-h. 2q14.1-qter-. 3q12-q13.3-. 6q12-q22-, 
9q34+. 11q12-q13+. 17+, and 20q11^-q12+) that are typ- 
ical for their disease stage, as well as additional alterations, 
some of which are shown in Fig. 1. Areas with gains and 
losses deviated from the normal copy number to some extent, 
and the average numerical deviation from normal was 0.4-fotd 
In the case of TGC 733 and 0.3-foId for TCC 827. The largest 
changes, amounting to at least a doubling of chromosomal 
content, were obsen/ed at 1q2a in TCC 733 (Rg. ^A) and 
20q1 2 in TCC 827 (Rg. 1 S). 

mRNA Expression in Reiapon to DNA Copy Number-The 
mRNA levels from the two invasive tumors (TCCs 827 and 
733) were compared v/ith the two non-Invasive counterparte 
(TCCs 532 and 335). This was done in two separate experi- 
ments in which we compared TCCs 733 to 335 and 827 to 
532. respectively, using two different scaling settings for the 
arrays to rule out scaling as a confounding parameter. Ap- 
proximately 1.800 genes that yielded a signal on the anrays 
were searched in the Unlgene and Genemap data bases for 
chromosomal location, and those with a known location 
(1096) were plotted as bars covering their purported locus. In 
that way it was possible to construct a graphic presentation of 
DNA copy number and relative mRNA levels along the indi- 
vidual chromosomes (Rg. 1). 

For each mRNA a ratio calculated between the level ln 
the invasive versus the non-invasive counterpart. Bars, which 
represent chromosomal location of a gene, were color-coded 
according to the expression ratio, and only differences larger 



than 2-fold were regarded as Informative (Rg; 1). The density 
of genes along the chromosomes varied, and areas contain- 
ing only one gene were excluded from the calculations. The 
resolution of the QGH method is very low. and some of the 
outlier data may be because of the fact that the boundaries of 
the chromosomal aben^ions are not known at high resolution. 

Two sets of calculations were made from the data. For the 
first set we used CGH alterations as the independent variable 
and estimated the frequency of expression alterations in these 
chromosomal areas. In general, areas with a strong gain of 
chromosomal material contained a cluster of genes having 
increased mRNA expression. For example, both chromo- 
somes 1q21-q25. 2p and 9q. showed a relative gain of more 
than 100% In DNA copy number that accompanied by 
increased mRNA expression levels In the two tumor pairs (Rg. 
1). In most cases, chromosomal gains detected by CGH were 
accompanied by an increased level of transcripts In both 
TCCs 733 (77%) and 827 (80%) (Table I. fop). Chromosonnal 
losses, on the other hand, were not accompanied by de- 
CTeased expression in several cases, and were often regis- 
tered as having unaltered RNA levels ff able I. fop). The inabil- 
ity to detect RNA expression changes In these cases was not 
because of fewer genes mapping to the lost regions (data not 
shown). 

In the second set of calculations we selected expression 
alterations above 2-fold as the independent variable and es- 
timated the frequency of CGH alterations in these areas. As 
above, we found that increased transcript expression conre- 
lated with gain of chromosomal material fTCC 733. 69% and 
TOO 827. 59%), whereas reduced expression was often de- 
tected in areas with unaltered CGH ratios (Table I, boffom). 
Furthermore, as a control- we looked at areas with no alter- 
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Tumor 827 versus 532 



^ Tumor 733 versus 335 

Fig. 2. Correlation betv^een maximum CGH aberration and the ability to detect ^'^'^^^^l^" 
monitoring. The aberration is shown as a numerical -fold change In ratio between invasive tumors 827 A) and 733 (♦) and their "^^^a^ve 
S^erparts 532 and 335. The expression change was taken from the Express/on line to the nght in Fig. 1, which depots the resu^ng 
W for a given chr^somal region. At least half of the mRNAs from a given region have to be eimer u^ or ^^own-r^ulated 
^be scored as an expression change. All chmmosomal amis In which the CGH ratio plus or minus one standard dev,at«n was outsWe the 
ratio value of one were Irtcluded. 



ation in expression. No alteration v/as detected by CXaH in 
most of these areas (TCC 733. 60% and TCC 827. 81 %; see 
Table I, bottom). Because the ability to observe reduced or 
increased mRNA expression clustering to a certain chromo- 
somal area clearly reflected the extent of copy number 
changes, we plotted the nnaximum CGH aberrations in the 
regions showing CGH changes against the ability to detect a 
change in mRNA expression as monitored by the oligonucleo- 
tide arrays (Fig. Zy^Eor both tumors TCC 733 (p < 0.015) and 
TCC 827 (p < 0.00003) a highly significant conreljation was 
observed between the level of CGH ratio change (reflecting 
the DNA copy number) and alterations detected by the an-ay 
based technology (Fig. ^ Similar data were obtained when 
areas with altered expression were used as Independent vari- 
ables. These areas correlated best with CGH when the CGH 
ratio deviated 1 .6- to 2.0-fold (T3b\e I, bottom) but mostly did 
not at lower CGH deviations. These data probably reflect that 
loss of an allele may only lead to a 50% reduction In expres- 
sion level, which Is at the cut-off point for detection of expres- 
sion alterations. Gain of chromosomal material can occur to a 
much larger extent. 

MicrDsateUae-based Detection of Minor Areas of Loss- 
es- In TCC 733, several chromosomal arieas exhibiting DNA 
amplification were preceded or followed by areas with a nor- 
mal CGH but reduced mRNA expression (see Fig. 1 , TCC 733 
chromosome 1q32. 2p21. and 7q21 and q32. 9q34. and 
10q22). To determine whether these results were because of 
undetected loss of chromosomal material In these regions or 



because of other non-structural mechanisms regulating tran- 
scription, we examined two mlcrosatellites positioned at chro- 
mosome 1q25-32 and two at chromosome 2p22. Loss of 
heterozygosity (LOH) was found at both 1q26 and at 2p22 
Indicating that minor deleted areas were not detected with the 
resolution of CGH (Fig. 3). Additionally, chromosome 2p in 
TCC 733 showed a CGH pattern of gain/no change/gain of 
DNA that correlated with transcript Increase/decrease/in- 
crease. Thus, for the areas showing increased expression 
there was a conrelation with the DNA copy number alterations 
(Fig. 1 A). As indicated above, the mRNA decrease observed In 
the middle of the chromosomal gain vras because of LOH, 
implying that one of the mechanisms for mRNA down-regu- 
lation may be regions that have undergone smaller losses of 
chromosomal material. However, this cannot be detected with 
the resolution of the CGH method. 

In both TCC 733 and TCC 827, the telomeric.end of chro- 
mosome 11p showed a normal ratio In the CGH analysis; 
however, clusters of five and three genes, respectn/ely. lost 
their expression. Tvvo mlcrosatellites {D11S1760, D11S922) 
positioned close to MUC2, IGF2, and cathepsin D indicated 
LOH as the most likely mechanism behind the loss of expres- 
sion (data not shown). 

A reduced expression of mRNA observed in TCC 733 at 
chromosomes 3q24, 11p11, 12p12.2, 12q21.1, and 16q24 
and in TCC 827 at chromosome 11 pi 5.5, 12p11. 15q11.2, 
and 18q12 was also examined for chromosomal losses using 
microsatellites positioned as close as possible to the gene loci 
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Fig. 3. Microsatellite analysis of loss of heterozygosity. Tumor 
733 showing loss of heterozygosity at chromosome 1q25. detected 
(a) by D1S215 close to Hu class I histocompatibility antigen (gene 
number 38 In Rg. 1). 0) by P1S2735 close to calhepsin E (gene 
number 41 in Fig. 1), and (c) at chromosome 2p23 by D2S2251 close 
to general ^-spectrin (gene number 1 1 on Rg. 1) and of (d) tumor 827 
showing loss of heterozygosity at chromosome 18q12 by S18S1118 
close to mitochondrial S-oxoacyl-coenzyme A thiolase (gene nunriber 
12 In Fig. 1). The upper curves show the electropherogram obtained 
from normal DNA from leukocytes (/V). and the tower curv&s show the 
electropherogram from tumor DNA (7). In all cases one allele is 
partially tost in the tumor ampOcon, 

showing reduced mRNA transcripts. Only the microsatellite 
positioned at 18q12 showed LOH (Rg. 3). suggesting that 
transcriptional down-regulation of genes in the other regions 
may be controlled by other mechanisms. 

Relation between Changes in mRNA and Protein Levels- 
2D-PAGE analysis, in combination with Coomassie Brilliant 
Blue and/or silver staining, was carried out on all four tumors 
using fresh biopsy material. 40 well resolved abundant known 
proteins migrating in areas away from the edges of the pH 
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Fig. 4. Correlation between protein levels as judged by ZD- 
PAGE and transcript ratio. For comparison proteins were divided In 
three groups, unaltered in level or up- or down-regulated {fwraontal 
axis). The mRNA ratio as determined by oligonucleotide arrays was 
plotted for each gene (vert/ca/ axis). A, mRNAs that were scored as 
present in both tumors used for the ratio calculation; A, mRNAs that 
were scored as ^sent in the invasive tumors (along twrizoritat axis) or 
as absent in ndn-lnvasiVe reference {top of figure). Two different 
scalings were used to exclude scaling as a confounder. TCCs 827 
and 532 (AA) were scaled with background suppression, and TCCs 
733 and 335 (#0) were scaled without suppression. Both compari- 
sons showed highly significant {p < 0.005) differences in mRNA ratios 
between the groups. Proteins shown, were as follows: Group A (from 
/eft), phosphoglucomutase 1, glutathione transferase class m number 
4. fatty acid-binding protein homologue, cytokeratin 15. and cyto- 
keratin 13; B (from /eft), fatty acid-binding protein homologue, 28-kDa 
heat shock protein, cytokeratin 1 3, and calcycfin; C (from left), o-eno- 
lase. hnRNP B1, 28-kDa heat shock protein. 14-3-3-6. and 
pre-mRNA splicing factor. 0. mesothelial keratin K7 (type 11); E (from 
top), glutathione S-transferase-ir and mesothelial keratin K7 (type II); 
f (from top and left), adenylyl cyclase-assodated protan. E-cadherin. 
keratin 19. calglzzarln. phosphogtycerate mutase, annexin IV, cy- 
toskeletal racUn, hnRNP A1, integral membrane protein calnexin 
OP90). hnRNP H, brain-type clathrin light chain-a. hnRNP F. 70-kDa 
heat shock protein, heterogeneous nuclear ribonucleoprotein Am, 
translatkjnaHy controBed tumor protein, liver glyceraldehyde-3-phos- 
phate dehydrogenase, keratin 8. aldehyde reductase, and Na.K- 
ATPase 0-1 subunft; G, (from top and /eft). TCP20. calgizzarin. 70- 
kDa heat shock protein, calnexin, hnRNP H, cytokeratin 15. ATP 
synthase, keratin 19, Iriosephosphate Isomerase. hnRNP F, Over glyc- 
eraldehyde-3-phosphatase dehydrogenase, glutathione S-transfer- 
ase-ir, and keratin 8; H (from left), P»asma gelsplin. auloantigen cal- 
retteulin, thioredoxln. and NAD+ -dependent 15 hydroxyprostaglandin 
dehydrogenase; / (from top), prolyl 4-hydroxylase ^-subunlt, cyto- 
keratin 20. cytokeratin 17, prohibition, and fructose 1,6-biphos- 
phatase; J annexin II; K. annexin IV; L (from top and teft). 90-kDa heat 
shock protein, prolyl 4.hydroxylase p-subunit, a-enolase, GRP 78. 
cyclophllin. and cofilin. 

gradient, and having a known chromosomal location, were 
selected for analysis In the TCC pair 827/532. Proteins were 
identified by a combination of methods (see -Experimental 
Procedures^. In general there was a highly significant corre- 
lation (p < 0.005) between mRNA and protein alterations (Fig. 
4). Only one gene showed disagreement between transcript 
alteration and protein alteration. Except for a group of cyto- 
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Fig. 5. Comparison of protein and transcript levels in invasive 
and non-invasive TCCs. The upper part of the figure shows a 2D gel 
(feft) and the oligonucleotide array ifight^ of TCC 532. The red rectan- 
gtes on the upper gel highlight the areas that are compared t>e!ow. 
Identical areas of 2D gels of TCCs 532 and 827 are shown below. 
Clearty, cytokeraUns 13 and 15 are strongly down-regulated in TCC 
827 (red annotation). The tile on the array containing probes for 
cytokeratin 15 is enlarged below the array (red arrow) from TCC 532 
and is compared with TCC 827. The upper row of squares in each tile 
corresponds to perfect match probes; the lower row corresponds to 
mismatch probes containing a mutation (used for correctton for un- 
specific binding). Absence of signal is depicted as black, an6 the 
higher the signal the lighter the ootor. A high transcript level was 
delected in TCC 532 (6151 units) whereas a much tower level was 
detected in TCC 827 (absence of signals). For cytokeratin 13. a high 
transcript level was also present in TCC 532 (15659 units), and a 
much lower level was present in TCC 827 (623 units). The 2D gels at 
the boffom of the figure (/eft) show levels of PA-FABP and adipocyte- 
FABP In TCCs 335 and 733 Cmvasive), respectively. Both proteins are 
down-regulated in the invasive tumor. To the right we show the array 
tiles for the PA-FABP transcript A medium transcript level was de- 
tected in the case of TCC 335 (1277 units) whereas very tow levels 
were detected In TCC 733 (166 units). /EF. Isoelectric focusing. 



keratins encoded by genes on chromosome 17 (Fig. 5) the 
analyzed proteins did not belong to a particular family. 26 well 
focused proteins whose genes hiad a know chromoson^l 
location were detected in TCCs 733 and 335, and of tKese 19 
correlated (p < 0.005) with the mRNA changes detected using 
the arrays (Fig. 4). For example. PA-FABP was Wghly ex- 
pressed in the non-Invasive TCC 335 but lost In the invasive 
counterpart (TCC 733; see l^g. 5). The smaller number of 
proteins detected In both 733 . and 335 was because of the 
smaller size of the biopsies that were available. 

11 chromosomal regions where CGH showed aberrations 
that conresppnded to the changes In transcript levels also 
showed corresponding changes in the protein level (Table 11). 
These regions included genes that encode proteiris that are 
found to be frequently altered In bladder cancer, namely 
cytokeratins 17 and 20, annexins 11 and IV, and the fatty 
acid-binding proteins PA-FABP and FBP1. Four of these pro- 
teins were encoded by genes in chromosome .17q, a fre- 
quently amplified chronrwsomal area In Inviaslve bladder 
cancers. 

DISCUSSION 

Most human cancers have abnormal DNA content, having 
lost some chromosomal parts and gained others. The present 
study provides some evidence as to the effect of these gains 
and losses on gene expression in two pairs of rwn-invash^e 
and invaswe TCCs using high throughput expression an'ays 
and proteomics, In combination with CGH. In general, the 
results showed that there is a clear individual regulation of the 
mRNA expression of single genes, which In some cases was 
superimposed by a DNA copy number effect In most cases, 
genes located in chromosomal areas with gains often exhib- 
ited increased mRNA expression, whereas areas showing 
losses showed either no change or a reduced mRNA expres- 
sion. The latter might be because of the fad that losses most 
often are restrk?ted to loss of one allele, and the cut-off point 
for detection of expression alterations was a 2-fokJ change, 
thus being at the border of detection. In several cases, how- 



Table II 



Proteins whose expression level correlates with both mRNA and gene dose changes 


Protein 


Chromosomal k>cation 


Tumor TCC 


CGH alteration 


Transcript alteration* 


Protein alteratkm 


Annexin II 
Armexin tV 
Cytokeratin 17 
Cytokeratin 20 
(PA-)FABP 
,FBP1 
Piasnia gelsolin 
Heat shock protein 26 
Prohibltin 
Prolyl-4-hydroxyl 
hnRNPBI 


1q21 
2p13 

17q12-q21 

17q21,1 

8q21.2 

9q22 

9q31 

15q12*q13 
17q21 
17q25 
7p15 


733 

733 

827 

827 

827 

827 

827 

827 
827/733 
827/733 

827 


Gain 
Gain 
Gain 
Gain 
Loss 
Gain 
Gain 
Loss 
Gain 
Gain 
Loss 


Abs to Pres" 
3.9-FoW up 
3.8^okl up 

5.6- Fold up 
10-Fold down 
2.3-Fold up 
Abs to Pres 
2.5-Fold up 
3.7V2.6-FOW up^ 

5.7- /1 .6-Fold up 
2.5-Fold down 


Increase 

Increase 

Iricrease 

IncreasiB 

Decrease 

IrKsrease 

Increase 

Decrease 

Increase 

Increase 

Decrease 



* Abs,.absent; Pres. present 
*ln 



wLeIhe c^^nding alterations were found in both TCCs 827 and 733 these are shown as 827/733. 
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ever, an increase or decrease in DMA copy number was 
associated with de novo occurrence or complete loss of tran- 
script, respectively. Some of these transcripts could not be 
detected in the non-invasive tumor but were present at rela- 
tively high levels in areas with DMA ampllficatiorw In the inva- 
sive tumors (e.g. in TCC 733 transcript from cellular ligand of 
annexin II gene (chromosome 1q21) from absent to 2670 
arbitrary units; in TCC 827 transcript from small proline-rich 
protein 1 gene (chromosome 1q12-q21.1) from absent to 
1326 arbitrary units). It may be anticipated from these data 
that ^gnlflcant clustering of genes with an Increased expres- 
sion to a certain chromosomal area Indicates an increased 
likelihood of gain of chromosomal material In this area 

Considering the many possible regulatory mechanisms act- 
ing at the level of transcription, It seems striking that the gene 
dose effects were so clearty detectable in gained areas. One 
hypothetical explanation may lie In the loss of controlled 
methylation In tumor cells (17-19). Thus. It may be possible 
' that in chromosomes with increased DMA copy numbers two 
or more alleles could be demethylated simultaneously leading 
to a higher transcription level, whereas in chromosomes with 
losses the remaining allele could be partly methylated, turning 
off the process (20. 21). A recent report has documented a 
ptoldy regulation of gene expression in yeast, but In this case all 
the genes were present in the same ratio (22). a situation that is 
not anatogous to that of cancer cells, which show mart<ed 
chromosomal abenrations. as well as gene dosage effects. 

Several CGH studies of bladder cancer, have shovim that 
some chromosomal abenatlons are common at certain 
stages of disease progression, often occurring In more than 1 
of 3 tumors. In pTa tumors, these include 9p-. 9q- . 1 q+. Y 
(2. 6). and in pTI tumors. 2q-.11p-. 11q-. SP+' 
17q+. and 20q+ (2-4. 6. 7). The pTa tumors studied here 
showed similar aberrations such as 9p- and 9q22-q33- and 
9q- and Y-, respectively. Likewise, the two minimal invasive 
pTI tumors showed aberrations that are commonly seen at 
that stage, and TCC 827 had a remarioble resemblance to the 
commonly seen pattern of losses and gains, such as 1 q22-24 
ampfification (seen in both tumors). 1 1q14-q22 loss, the latter 
often linked to 17 q+ (both tumors), and 1q+ and 9p-. often 
linked to 20q+ and 11 q13+ (both tumors) (7-9). These ob- 
senrations indicate that the pairs of tumors used in this study 
exhibit chromosomal changes obsewed in many tumors, and 
therefore the findings could be of general innfportance for 
. bladder cancer. , ^ ^ 

Considering that the mapping resolution of CGH is of about 
20 megabases It is only possible to get a crude picture of 
chromosomal instability using this technique. Occasionally, 
we observed reduced transcript levels close to or Inside re- 
gions with increased copy numbers. Analysis of these regions 
by positioning heterozygous microsatelUtes as close as pos- 
sible to the locus showing reduced gene expression revealed 
loss of heterozygosity in several cases. It seems likely that 
multiple and different events occur along each chromosomal 



arm and that the use of cDNA microanrays for analysis of DNA 
copy number changes will reach a resolution that can resolve 
these changes, as has recently been proposed (2). The outlier 
data were not more frequent at the bourelaries of the CGH 
aberrations. At present we do not know the mechanism be- 
hind chromosomal aneuploldy and cannot predict whether 
chromdsomai gains will be transcribed to a larger extent than 
the two native alleles. A mechanism as genetic Imprinting has 
an Impact on the expression level in nonnai cells and Is often 
reduced in tumors. However, the relation between imprinting 
and gain of chromosomal material Is hot known. 

We regard It as a strength of this investigation that we were 
able to compare invash/e tumors to benign tumors rather than 
to normal urothellum. as the tumors studied were blologteally 
very close and probably may represent successive steps in 
the progression of bladder cancer. Despite the limited amount 
of fresh tissue available it was possible to apply three different 
state of the art methods. The obsewed correlation between 
DNA copy number and mRNA expression is remari<able when 
one considers that different pieces of the tumor biopsies were 
used for the different sets of experiments. This indicate that 
bladder tumors are relatively homogenous, a notton recently 
supported by CGH and LOH data that showed a remaricable 
similarity even between tumors and distant metastasis (10. 23). 

In the few cases analyzed. mRNA and protein levels 
showed a striking correspondence although In some cases 
we found discrepancies that may be attributed to transiational 
regulatton, post-translational processing, protein degrada- 
tion or a combination of these. Some transcripts betong to 
undertranslated mRNA pools, v^hich are associated with few 
translationally inactive ribosomes; these pools, however, 
seem to be rare (24). Protein degradation, for example, may 
be very Important in the case of polypeptides with a short 
half-life (e.g. signaling proteins). A poor correlation between 
mRNA and protein levels was found in liver cells as deter- 
mined by arrays and 2D-PAGE (25). and a moderate correla- 
tion was recently reported by Ideker ef al. (26) in yeast, 
(interestingly, our study revealed a much better correlation 
tehveen gained chromosomal areas and Increased mRNA 
levels than between loss of chromosomal areas and reduced 
mRNA levels. In general, the level of CGH change detennined 
the ability to detect a change in transcripC) One possible 
explanation could be that by losing one allele the change In 
mRNA level is not so dramatic as compared with gain ot 
material, which can be rather unlimited and may lead to ^ 
severalfold increase in gene copy number resulting in a much 
higher impact on transcript level. The latter would be^much 
easier to detect on the expression anays as the cut-off point 
was placed at a 2-fold level so as not to be biased by noise on 
the array. Constnjction of an-ays with a better signal to noise 
ratio may in the future allow detection of lesser than 2-fold 
alterations in transcript levels, a feature that may facilitate the 
analysis of the effect of loss of chromosomal areas on tran- 
script .levels. 
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In eleven cases we found a significant correlation between 
DNA copy number. mRNA expression, and protein level. Four 
of these proteins were encoded by genes located at a 
quently amplified area in chromosome 17q. Whether DNA 
copy number is one of the mechanisms behind alteration of 
these eleven proteins is at present unknown and will have to 
be proved by other methods using a larger number of sam- 
ples One factor making such studies complicated is the large 
ejrtent of protein modification that occurs after translation, 
requiring immunoidentiflcation and/or mass spectrometry to 
coaectty identify the proteins in the gels. 

In conclusion, the results presented in this study exemplify 
the large body of knowledge that may be possible to gather in 
the future by combining state of the art techniques that follow 
the pathway from DfMA to protein (26). Here, we used a tradi- 
tional chromosomal CGH method, but in the future high 
lution CGH based on microarrays with many thousand radiation 
hybrid-mapped genes win Increase the resolutton and informa- 
tion derived from these types of experiments (2). Combined wrth 
expression an-ays analyzing transcripts derived from genes with 
known locations, and 2D gel analysis to obtain infomiation at 
the post-translaflonal level, a clearer and more developed un- 
derstanding of me tumor genome wrill be forthcoming. 
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ABSTRACT 

Genetic changes underlie tumor progrcsjlon and may lead to cancer- 
specific expression of criHcal genes. Over 1100 publications have de- 
scribed the use of comparative genomic hybridization (CGH) to analyze 
the pattern of copy number alterations in cancer, but very few of the genes 
affected are known. Here» we performed High-resolution CGH analj^is on 
cDNA microarrays in breast cancer and directly compared copy number 
and mRNA expression levels bf 13,824 genes to quantitatc the Impact of 
genomic changes on gene expression. We identified and mapped the 
boundaries of 24 independent amplicons, ranging in size from 0.2 to 12 
Mb. Throughout the genome, both high- and low-level copy number 
phanges bad a substantial impact on gene expression, with 44% of the 
highly ampUned genes showing overexprcssion and 10^% of the highly 
overexpressed genes being amplified. Statistical analysis with random 
permutation tests identified 270 genes whose expression levels across 14 
samples were systimatlcaUy attribuUble to gene ampUfication. These 
included most previously described amplified genes in breast cancer and 
many novel targets for genomic alterations, including the HOXB7 gene, 
the presence of which In a novel amplicon at 17q21 J was validated in 
'lOjy. of primary breast cancers and associated wHh poor patient prog- 
nosis. In conclusion, CGH on cDNA microarrays revealed hundreds of 
hovel genes whose overexprcssion is attributable to gene amplification. 
These genes may provide insights to the clonal evolution and progression 
of breast cancer and highlight promising therapeutic targets. 

INTRODUCTION 

Gene expression patterns revealed by cDNA inicroaTTays have 
facilitated classification of cancers into biologically distinct catego- 
ries, some of which may explain the clinical behavior of the tumors 
(1-6). Despite this progress in diagnostic classification, the molecular 
mechanisms underlying gene expression patterns in cancer have re- 
mained elusive, and the utility of gene expression profiling in the 
identification of specific therapeutic targets remains limited. 

Accumulation of genetic defects is thought to underiic the clonal ^ ^^^^ ^^^^^ ^ _ ^ _ _ t" v^-^,, - 

evolution of cancer. Identification of the genes that mediate the effects ^ amplified and detoed genes accwding to cxpcessioa ratios. ThwsboW values loi 
of genetic changes may be important by highlighting transcripts that 3mplific«ti« and deletion were >\^ and <a7. 
arc actively involved in tumor progression. Such transcripts and their 
encoded proteins would be ideal targets for anticancer therapies, as 
demonstrated by the cUnical success of new therapies against amph- 
fied oncogenes, such as ERBB2 and EGFR (7. 8), in breast cancer and 
other solid tumors. Besides amplifications of known oncogenes, over 
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Fig. 1. intoact of gene copy number on global gene expression levels. A. percentage of 
ovcf- and undercxprcsscd genes {Y axis) according lo «^ "^^^^ "^'"^ 
Threshold values used for over- and undcrcxpresaion were >2.184 (global upper 7% M 
0« CDNA ratios) a«,<0.4826 telobal l^^^^^ 
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20 recurrent regions of DNA amplificaUon have been mapped in 
breast cancer by CGH* (9, 10). However, these amplicons are often 
large and poorly defined, and dicir impact on gene expression remains 
unknown. 

We hypothesized that genome-wide identification of those gene 
expression changes that are attributable to underlying gene copy 
number alterations would highlight transcripU that are actively m- 
volved m the causation or maintenance of the malignant phenotype. 
To identify such transcripts, we applied a combination of cDNA and 
CGH microarrays to: {a) determine the global impact that gene copy 
number variation plays in breast cancer development and progression; 
and {b) identify and characterize those genes whose mRNA cxpres- 



5 The abbrcviatioos used are: CGH, compandve genomic hybridization; FISH, fiuo- 
resccnce in jiiu hybridizarion; RT-PCR, reroae transcriplion-PCR. 
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sion is most significantly associated with amplification of the corre- 
sponding genomic template. 

MATERIALS AND METHODS 

Br<ast Cancer Cell Uries. Fourteen breasi cancer cell lines (BT-20, BT- 
474, HCC1428. Hs578t, MCF7, MDA-361, MDA^36, MDA^53, MDA-468, 
SKBR-3, T-47D, UACC812. ZR-75-1, and ZR-75-30) were obtained from the 
American Type Culmrc Collection (Manassas, VA). C<lls were gro^-n under 
recommended culture condidons. Cenomic DNA and niRNA were isolated 
using standard protocols. 

Copy Number and Expression Analyses by cDNA Mlcroarrays, The 
preparation and printing of the 13,824 cDNA clones on glass slides were 
perfomied as described (11-13). Of these clones. 244 represented uncharac- 
terized expressed sequence lags, and the remainder concsponded lo known 
genes. CGH experiments on cDNA microarrays were done as describwi (14, 
15). Briefly, 20 pg of genomic DNA from breast cancer cell lines and normal 
human WBCs were digested for 14-18 h with Aiu] and Psal (Life Technol- 
ogies, Inc., Rockville, MD) and purified by phenol/chloroform extraction. Six 
fig of digested cell line DNAs were labeled with Cy3-dUTP (Amcrsham 
Phannacia) and normal DNA with CyS^UTP (Amersham Pharmacia) using 
die Bioprime Labeling kit (Life Technologies, Inc.). Hybridization (14, 15) and 
posthybridization washes (13) were done as described. For the expression 
analyses, a standard reference (Universal Human Reference RNA; Soatagene, 
La Jolla, CA) was used in all experiments. Forty ^ig of fttcTeas^ RNA were 
labeled with Cy3-dUfP and 3.5 fig of lest mRNA with Cy5-dUTP, and the 
labeled cDNAs were hybridized on microatrays as described (13, 15). For both 
microarray analyses, a laser confocal scanner (Agilent Technologies, Palo 
AUo, CA) was used to measure the fluorescence, tnlcnsiiies at the target 
locations using the DEARRAY software (16). After background subtraction, 
overage intensities at each clone in the test hybridization were divided by the 
average intensity of the corresponding clone in the control hybridization. For 
the copy number analysis, the ratios were normalized on the basis of the 
distribution of ratios of all torgcts on the array and for the expression analysis 
on the basis of 88 housekeeping genes, which were spotted four dmcs onto the 
array. Low quality measurements (/.«., copy number data with mean reference 
intensity <100 fluoresccm units, and expression data with both lest and 
reference intensity <I00 fluorescent units and/or with spot size <50 units) 



were excluded fixwh the analysis and were treated as missing values. The 
distributions of fluorescence ratios were used to define cutpoinis for increased/ 
decreased copy number. Genes with CGH ratio >1.43 (reprcsenUng the upper 
5% of the CGH ratios across all experiments) wc« considered to be amplifled, 
and genes with ratio <0.73 (representing the lower 5%) were considered to be 
deleted. 

Statistical Analysis of CGH and cDNA Microarray Data. To evaluate 
the influence of copy number alteratiras on gene expression, we applied the 
following statistical approach, CGH and cDNA calibrated intensity ratios were 
log-transformed and normalized using median centering of the values in each 
cell line. Furthermore, cDNA ratios for each gene across all 14 cell lines were 
median centered. For each gene, the CGH data were reprraented by a vector 
that was labeled 1 for amplification (ratio, >1.43) and 0 for no amplification. 
Amplification was correlated with gene expression using the signal-to-noisc 
statistics (1). We calculated a weight. >v each gene as follows: 

where nigi, o-,, and ot^o* ^go denote the means and SDs for the expression 
levels for amplified and nonamplified cell lines, respectively. To assess the 
statistical significance of each weight, we performed 10,000 random permu- 
tations of the label vector. The probability dial a gene had a larger or equal 
weight by random permutation than the original weight was denoted by o. A 
low a (<0.05) indicates a strong association between gene expression and 
amplification. 

Genomic LocaUzation of cDNA Oones and Amplicon Mapping. Each 
cDNA clone on the microarray was assign^ to a Unigene duster using the 
Unigene Build 141 * A database of genomic sequence alignment mformation 
for mRNA sequences was created from the August 2001 freeze of the Uni- 
versity of California Sanu Cruz*s GoldenPaih database.' The chromosome and 
bp positions for each cDNA clone were.tfien retrieved by relating these data 
sets. Amplicons were defined as a CGH copy number ratio >2.0 in at least two 
adjacent clones in two or more cdl lines or a'CGH ratio >2.0 in at least three 
adjacent clones in a single cell line. The amplicon start and end positions were 

* Internet address: bttp-7/rescarcb.nhgri.oib.gov/taicii»iTay/downloadabIc_cd»a 
' Imemet address: www.gciiome.ucsc.ediL 
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Table I Summary of independent ampUcons in }4 breast 
CGH nucroarray 



EXPRESSION 
cett lines by 



Location 



lpI3 
lq21 
lq22 
3pl4 

7pl2J-7plU 

7q3l 

7q32 

Sq21.n-8q2t.13 
8q2IJ 

8q23J-«q24J4 

9q2422 

9pl3 

I3q22-q3l 

16q22 

17qll 

I7ql2-q21.2 

l7c|2IJ2-q2l.33 

I7q22-q23.3 

I7q23.3^24.3 

I9ql3 

20qM.22 

30ql3.12 

20ql3.12-<)]3.)3 

20ql3^-ql3.32 



Stmt (Mb) 



End (Mb) 



13X79 
173.92 
179^ 
71.94 
55.62 
125.73 
140.01 
86.45 
98,45 
129.88 
ISUl 
38.65 
77.15 
86.70 
29.30 
39.79 
52.47 
63.81 
69.93 
40.63 
34.59 
44.00 
46.45 
5U2 



132.94 
177.25 
179.57 
74.66 
60.95 
130.96 
140.68 
92.46 
103.05 
142.15 
132.16 
39.25 
8138 
87-62 
30.85 
42.80 
55.80 
69.70 
74.99 
41.40 
35.85 
45.62 
49.43 
59:12 



Size (Mb) 



0.2 
33 
0.3 
2.7 
$.3 
5.2 
0.7 
6.0 
4.6 
12.3 
1.0 
0.6 
4.2 
0.9 
1.6 
3.0 
33 
5.9 
5.1 
0.8 
13 
1.6 
3.0 
7.8 



PATTERNS IN BREAST CANCER 

CGH were validated, with lq2U 17ql2-q21.2, 17q22-q23, 20ql3.1, 

and 20ql3.2 regions being most coiranonly amplified. FuTthermore, 

the boundaries of these amplicons were precisely delineated. In ad- 
dition,.novel amplicons were identified at 9pl3 (38.65-39,25 Mb), 
and 17q21.3 (52.47-55.80 Mb). 

Direct Identification of Putative Amplification Target Genes. 
The cDNA/CGH microarray technique enables the direct correla- 
tion of copy number and expression data on a gene-by-gene basis 
throughout the genome. We directly annotated high-resolution 
CGH plots with gene expression data using color coding. Fig. 2C 
shows that most of the amplified genes in the UCF-l breast cancer 
cell line at lpl3. 17q22-.q23, and 20ql3 were highly overcx- 
prcsscd. A view of chromosome 7 in the MDA-468 cell line 
implicates EGFR as the most highly overexpressed and amplified 
gene at 7pl l-pl2 (Fig. 3^). In BT-474, the two known amplicons 
at 17ql2 and 17q22-q23 contained numerous highly overex- 
pressed genes (Fig. 3B). In addition, several genes, including the 
homeobox genes MOXB2 and HOXB7, were highly amplified in a 
previously undescribed independent ampHcon at 17q21.3. HOXB7 
was systematically amplified (as validated by FISH. Fig. 3B, inset) 
as well as overexpressed (as verified by RT-PCR. data not shown) 
in BT-474. UACC812, and ZR-75-30 cells. Furthermore, this novel 



extended to include neighboring nonanipliOcd clones (rano, <1.5), Iht am- 
plicon size dcicnniaation was partially dependent on local clone density. 

FISH. Dual-color interphase FISH to breast cancer cell lines was done as 
described (17). Bacterial artificial chromosome clone RPn-36lK8 was la- 
beled with SpcctramOrange (Vysis. DowncR Grove, IL). and Spccmim- 
Orange-labeled probe for EGFR was obtained from Vysis. SpectrumGPcen- 
labeled chromosome 7 and 17 centromere probes (Vysis) were used w a 
reference. A tissue microaiiay containing 612 formalin- fixed» paraffin-embed- 
ded primary breast cancers (17) was applied in FISH analyses as described 
( 1 8) The use of these specimens was approved by the Ethics Comromce of the 
University of Basel and by the NIH. Specimens coniaining a 2-fold or higher 
increase in the number of test probe signals, as compared with corrcspondii^ 
centromere Signals, in at least 10% of the wmor cells were considered to be 
amplified. Survival analysis was performed using the Kaplan-Meier method 
and the log-rank test: . , • 

RT-PCR. The H0XB7 expression level was detemftmed relative to 
CAPDH. Reverse transcription and PGR amplification were performed usrag 
Access RT-PCR Sysiem (Promcga Corp., Madison, Wl) with 10 ng of mRNA 
as a template. H0XB7 primers were 5'.GAGCAGAGGGACTCGGACTT-3 
and 5'-OCGTCAGGTAGCGATrOTAG-3'. 

RESULTS 

Global Effect of Copy Number on Gene Expression. 13,824 
arrayed cDNA clones were applied for analysis of gene expression 
and gene copy number (CGH microarrays) in 14 breast cancer cell 
Uncs. The results illustrate a considerable influence of copy number 
on gene expression patterns. Up to 44% of the highly amplified 
transcripts (CGH ratio. >2.5) were overexpressed (i.e. belonged to 
the global upper 7% of otprcssion ratios), compared with only 6 /o for 
genes with normal copy number levels (Fig. 1 A). Conversely, 10.5% 
of the transcripts with high-level expression (cDNA ratto, >10) 
showed increased copy number (Fig. IS). Low-level «vy numbCT 
increases and decreases were also associated with similar, although 
less dramatic, outcomes on gene expression (Fig. 1). 

Identification of Distinct Breast Cancer Amplicons. Base-pair 
locations obtained for 1 1.994 cDNAs (86,8%) were used to plot copy 
number changes as a function of genomic position (Fig. 2. Supple- 
ment Fig. A). The average spacing of clones throughout the genome 
was 267 kb. This high-resohition mapping identified 24 independent 
breast cancer amplicons, spanning from 0.2 to 12 Mb of DNA (Table 
1). Several amplification sites detected previously by chromosomal 
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Fig. 4. List of 50 gcncj wiih a statistically 
significant coirelalion (o value <0.05) between 
gene copy number and gene egression. Name, 
chromosomal location, and the o value for each 
gene are indicated. The genes have been ordered • 
according to their position in the genome. The color 
maps on the right iniistiate the copy number and 
expression ratio patterns in the 14 cell lines. The 
key to the color code is shown at the bottom of the 
graph. Gray squares, missing values. The complete 
list of 270 genes is shown in supplcmciual Fig. B. 
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ampUficatioii was validated lo be present in 10.2% of 363 primary 
breast cancers by FISH to a tissue microarray and was associated 
with poor prognosis of the patients (P = 0.001). 

Statistical Identification and Characterization of 270 Highly 
Expressed Genes In Amplicons. Statistical, comparison of expres- 
sion levels of an genes as a function of gene amplification identified 
270 genes whose expression was significantly influenced by copy 
number across all 14 cell lines (Fig. 4, Supplemental Fig. B). Accord- 
ing to the gene ontology data,* 91 of the 270 genes represented 
hypothetical proteins or genes with no functional annotation, whereas 
179 had associated functional information available. Of these, ISI 
(84%) are implicated in apoptosis, ceir proliferation, signal transduc- 
tion, and transcription, whereas 28 (16%) had functional annotations 
that could not be directly linked with cancer. 



DISCUSSION 

The importance of recurrent gene and chromosome copy number 
changes in the development and progression of solid tumors has been 
characterized in >1000 publications applying CGH* (9, 10), as well 
as in a large number of other molecular cytogenetic, cytogenetic, and 
molecular genetic studies. The effects of these somatic genetic 
changes on gene expression levels have remained largely unknown, 
although a few studies have explored gene expression changes occur- 
ring in specific amplicons (15. 19-21). Here, we a^Jlied genonae- 
wide cDNA microarrays to identify transcripts whose expression 
changes were attributable to underlying gene copy number alterations 
in breast cancer. 

The overall impact of copy number on gene expression patterns was 
substantial with the most dramatic effects seen in Ac case of high- 



Internet address: http://www.gcneontology.or8/. 
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level copy number increase. Low-level copy number gains and losses 
also had a significant influence on expression levels of gen^ m the 
regions affected, but these effects were raore subUe on a 6»e-^-e«« 
b^s than those of high-level amplifications. However, the unpac of 
low-level gains on the dysregulation of gene P«"T;" 
cancer may be equally important if not more important than that of 
S"h level ampliations. Aneuploidy and low-level gains and loss« 
of chromosomal arms represent the most common types "fg^^C 
alterations In breast and other cancers and. ''^.'^ 
ence on maiw genes. Our results in breast cancer extend the recent 
studies on the impact of aneuploidy on global gene expression pat- 
terns in yeast cells, acute myeloid leukemia, and a prostate cancer 

""m'SSTroiCToanay analysis identified 24 independent breast 
cancer amplicons. We defined the precise ^^"^"J'^^'J^J^ 
plicons detected previously by chromosomal CGH (9. 10, 25. 26) and 
also discovered novel amplicons that had not been detected previ- 
ously, presumably because of their small size (only 1-2 Mb) or close 
pJZ^ to other larger amplicons. One ^l^^^^ 'TZ 
involved the homeobox gene region at 17q21.3 and led to Ae o^- 
expression of the WOtB? and H0XB2 genes. The homeodomain 
traiscription factors are known to be key regulators of emtayomc 
development and have been occasionally reported to undergo aberram 
expression in cancer (27. 28). H0XB7 transfection ">duce<l cell prc^ 
iifetation in melanoma, breas^ and ovarian cancer cells and increased 
tumorigenicity and angiogencsis in breast cancer (29-32). The pres- 
ent results imply that gene amplification may be a prominent mech- 
anism for overexpressing H0XB7 in breast cancer and S"8g«»*^ 
H0XB7 contributes to tumor progression and confers an affiressive 
disease phenotype in breast cancer. This view « /upported bjMW 
finding of amplification of HOXB7 in 10% of 363 pnmary breast 
cance«. as well as an association of amplification with poor prognosis 
of ihe patients. .^^ 
We carried out a systematic search to identify genes whose 
expression levels across all 14 cell lines were attributable to 
amplification status. Statistical analysis revealed 270 such genes 
(representing -2% of all genes on the array). >««>"j"'8 ""J' 
previously described amplified genes, such as HER-2, Mrt. 
EGFR. ribosomal protein s6 kinase, ^ni AIB 3, but also numerous 
novel genes such as NRAS-related gene (lpl3). syndecan-2 (8q22). 
and to/ie morphogenic protein (20ql3.1). whose activation by 
amplification may similarly promote breast cancer progression. 
Most of the 270 genes have riot been implicated previously in 
breast cancer development and suggest novel pathogenetic mech- 
anisms. Although we would not expect all <»f » 
involved, it is intriguing that 84% of the genes with assoc ated 
functional information were implicated in apoptosis. cell proliCsr- 
ation. signal transduction, transcription, or other cellular processes 
that could directly imply a possible role in cancer pmgression. 
Therefore, a deteilcd characterization of these genes may provide 
biological insights to breast cancer progression and might lead to 
the development of novel therapeutic strategies. 

In summary, we. demonstrate application of cDNA microarxays 
to the analysis of both copy number and expression levels of oyer 
12.000 transcripts throughout the breast cancer genome, roughly 
once every 267 kb. This analysis provided: (a) evidence of a 
. prominem global influence of copy number changes on gene 
expression levels; (b) a high-resolution map of 24 'ndepe^d^" 
amplicons in breast cancer, and (c) identificauon of a of 270 
genes the overexpression of which was statisUcaDy attributable to 
gene amplification. Characterization of a novel amphcon at 
17q21J implicated amplification and overexpression of the 
H0XB7 gene in breast cancer, including a clinical association 



between HOXB7 amplification and poor patient prognosis. Overall, 
our results illustrate how the identification of genes activated by 
gene amplification provides a powerful approach to highlight 
Senes with an importam role in cancer as well as to pnoritize and 
validate putative targets for therapy development. 
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program of human breast tumors 

Jonathan R. Pollack- Therese Scriie*. Charles M. Perou^ f ri^'-'^tS*"!*;,^^^^^^^ 
Robert TlbshlraniSS. David Botsteln". Anne-Use BBrresen-Dale». and Patrick O. Brown'T™ 

0.p.nment.c.-Pa.ho.09y,Wic."Sur|e^^^^ 

Comprehensive Cancer Center. University of North Carohrw, Chape! H.ll. NC 27S99 



Contributed by Patrick O. Brow^n. August 6. 2002 
Genomic DNA copy number alterations are key genetic events in 
the development and progression of human cancers. Here we 
report a genome-wide microarray comparative genomic hybrid- 
ization (array CGH) analysis of DNA copy number variation in 
a series of primary human breast tumors. We have profiled DNA 
copy number alteration across 6.691 mapped human genes, in 44 
predominantly advanced, primary breast tumors and 10 breast 
cancer cell lines. While the overall patterns of DNA amplification 
and deletion corroborate previous cytogenetic studies, the high- 
resolution (gene-by-gene) mapping of amplicon boundanes and 
the quantitative analysis of amplicon shape provide significant 
improvement in the locaPwation of candidate oncogenes. ParaUel 
miaoarray measurements of mRNA levels reveal the remarkable 
degree to which variation In gene copy number contributes to 
variation in gene expression in tumor cells. Specifically, we find 
that 62% of highly amplified genes show moderately or highly 
elevated expression, that DNA copy number Influences gene ex- 
pression across a wide range of DNA copy number alterations 
(deletion, low-, mid- and high-level amplification), that on average, 
a 2.fold change in DNA copy number Is associated with a corre- 
sponding 1.5-fold change in mRNA levels, and that overall, at least 
12% of all the variation in gene expression among the breast 
tumors is directly attributable to underiying variation in gene copy 
number. These findings provide eviderKe that widespread DNA 
copy number alteration can lead directly to global deregulation of 
gene expression, which may contribute to the development or 
progression of cancer. 

Conventional cytogenetic techniques, including comparative 
genomic hybridization (CGH) (1). have led to the identify 
cation of a number of recurrent regions of DNA copy number 
alteration in breast cancer cell lines and tumors (2-4). WhUe 
some of these regions contain known or candidate onwgcnes 
£g.!FGFRl (8pll), MYC (8q24), CCNDl (nql3), ERBB2. 
(17ql2), and ZNF217 (20ql3)] and tumor suppressor genes 
[RBI (13ql4) and TP53 (17pl3)], the relevant gene(s) withm 
other regions (e.g.. gain of Iq, 8q22, and 17q22-24. and loss of 
8p) remain to be identified. A high-resolution gcnome-wide 
map, delineating the boundaries of DNA copy number alter- 
ations in tumors, should fadlitatc the localization and identifi- 
cation of oncogenes and tumor suppressor genes in breast 
cancer. In this study, we have created such a map, using 
array-based CGH (5-7) to profile DNA copy number alteraUon 
in a series of breast cancer cell lines and primary tumors. 

An unresolved question is the extent to which the widespread 
DNA copy number changes that we and others have identified 
in breast tumors alter expression of genes within involved 
regions Because we had measured mRNA levels in parallel in 
the same samples (8). using the same DNA microarrays, we had 
an opportunity to explore on a genomic scale the relationship 
between DNA copy number changes and gene expression. From 

www4»na$.org/cgi/doi/IO.t073/pnas.l6247l999 



this analysis, we have identified a significant impact of wide- 
spread DNA copy number alteration on the uanscnptional 
programs of breast tumors. 

Materials and Methods 

Tumors and Cell Lines. Primary breast tumors were predominantly 
large (>3 cm), intermediate-grade, infiltrating ductal carcmo- 
mjS, with more than 50% being lymph node positive. The 
fraction of tumor cells within specimens averaged at least 509b. 
Details of individual tumors have been published (8, 9), and 
arc summarized in Table 1. which is published as supporting 
information on the PNAS web site, www.pnas.org. Breast ameer 
cell lines were obtained from the American Type Culture 
Collection. Genomic DNA was isolated cither using Qiagen 
genomic DNA columns, or by phenol/chloroform extraction 
followed by elhanol precipitation. 

DNA Ubeltng and Microarray Hybridisations. Genomic DNA label- 
ing and hybridizations were performed essentially as descnbed 
in Pollack et aL (7), with slight modifications. Two micrograms 
of DNA was labeled in a total volume of 50 microliters and Uic 
volumes of all reagents were adjusted accordingly. Test DNA 
(from tumors and cell lines) was fluorescently labeled (Py5) Md 
hybridized to a human cDNA microarray containing^ 6^691 
different mapped human genes (i.e., UniGcnc clusters). The 
••reference" (labeled with Cy3) for each hybrid izadrai was nor- 
mal female leukocyte DNA from a single donor. The fabncation 
of cDNA microarrays and the labeling and hybridization of 
mRNA samples have been described (8). 

Data Analysis and Map PosiUons. Hybridized arrays were scwmed 
on a GenePix scanner (Axon Instruments, Foster City, CA), and 
fluorescence ratios (test/reference) calculated using scanalyze 
software (available at hitp://rana.lbl.gov). Fluorescence ratios 
were normalized for each array by setting the average log 
fluorescence ratio for all array elements cqua^ to 0. Me^ure- 
mcnts with fluorescence intensities more than 20% above back- 
ground were considered reliable, DNA copy number profiles 
Oiat deviated significantly from background ratios measured m 
normal genomic DNA control hybridizations were interpreted as 
evidence of real DNA copy number alteration (see Estwtating 
Significance of Abend Fluorescence Ratios in the supportmg 
information). When indicated, DNA copy number profiles are 
displayed as a moving average (symmetric 5-nearcst neighbors). 
Map positions for arrayed human cDNAs were assigned by 



Abbreviation: CGH. compafrtwe genomic hybridteatloa 

no whom reprint requests shoMki be .ddreised at Departmem of 

Uni«X ^ om^lne. CC5R BuiWir** Room 324S^ 269 Campus Ortve. St«,f or* 

CA 94305-S17& E-mait poflackiestaMord-edu. 
••Present address: Zyomyx Inc. Hayward, CA 94545. 

PNA5 i Octoberl.2002 | vpl. 59 | no.20 | 12963-1296B 





test/retarenc8 ratk>: 



a 




50^ 


Chr.: 


1 


. 2 


IX 
2t 
3X 

ti 




■ 


BT474 

MCF7 
M0A1S7 

T470. 
UACC4.ia- 


: i = 


1 

. i 

• 




Flol Cenome-wklemca$urementofDNAcopynomberalteratlonbyarrayCOH.(a)DNAcopynurnberprof.leiar« 

numbers of xX^m^^^ cancer cell lines, and for breast tumors. Each row represents a different cell line or tumor, and each column represents 

S^lfelf ne?^^^^^^^^ ratfos (te^/reference) are depicted using a log.based P«f"«^«^'«J^^^ S^CX^ ^ 

fold-amplification, green luminescence reflects fold-deletion, and black indicates no change (gray indKates poorly measufed data). C*>) Enlarged view of dna 
copy number profiles across the X Aromojome. shown for cell lines containing different numbers of X diromosomes. 



identifying the starting position of the best and longest match of 
any DNA sequence represented in the corresponding UniGene 
cluster (10) against the ^-Golden Path" genome assembly 
(http://genome.ucsccdu/; Oct 7, 2000 Frceic). For UniGcnc 
clusters represented by multiple arrayed elements, mean fliio- 
rcscencc ratios (for all elements rcpresenimg the same UniGene 
cluster) arc reported. For mRNA measurements, fluorescence 
ratios are "mean<cntered" (i.e., reported relative to the mean 
ratio across the 44 tumor samples). The data set described here 
can be accessed in its entirety in the supporting information. 

Results 

We performed CGH on 44 predominantly locally advanced, 
primary breast tumors and 10 breast cancer cell lines, using 
cDNA microarrays containing 6.691 different mapped human 
genes (Fig. la; also sec Materials and Methods for details of 
microarray hybridizations). To take full advantage of the im- 
proved spatial resolution of array CGH, we ordered (fluores- 
cence ratios for) the 6,691 cDNAs according to the "Golden 
Path" (http://gcnome.ucsc.edu/) genome assembly of the draft 
human genome sequences (11). In so doing, arrayed cDNAs not 
only themselves represent genes of potential inlwest (e.g., 
candidate oncogenes within amplicons), but also provide precise 
genetic landmarks for chromosomal regions of amplification and 

12964 I www.pnaix»rg/<gl/dol/iai073/pna$.162471999 



deletion. Parallel analysis of DNA from cell lines containing 
different numbers of X chromosomes (Fig. 16), as we did before 
(7) demonstrated the sensitivity of our method to detect single- 
copy loss (45. XO), and 1^ (47,XXX), 2- (48,XXXX). or 
2^-fold (49,XXXXX) gains (also sec Fig. 5, which is published 
as supporting information on the PNAS web site). Fluorescence 
ratios were linearly proportional to copy number ratios, which 
were slightly underestimated, in agreement with previous ob- 
servations (7). Numerous DNA copy number alterations were 
evident in both the breast cancer cell lines and primary tumors 
(Fig. la), detected in the tumors despite the presence of euploid 
non-tumor cell types; the magnitudes of the observed changes 
were generally lower in the tumor samples. DNA copy-number 
alterations were found in every cancer cell line and tumor, and 
on every human chromosome in at least one sample. Recurrent 
regions of DNA copy number gain and loss were readfly iden- 
tifiable. For example, gains within Iq, 8q, 17q, and 20q were 
observed in a high proportion of breast cancer cell lines/tumors 
(90%/69%, 100%/47%, 100%/60%, and 90%/44%. respective- 
ly), as were losses within Ip. 3p, 8p, and 13q (80%/24%, 
80%/22%, 80%/22%, and 70%/l8%, respectively), consistent 
with published cytogenetic studies (rcfe. 2-4; a complete listmg 
of gains/losses is provided in Tables 2 and 3, which are published 
as supporting information on the PNAS web site). The total 
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number of genomic alterations (gains and losses) was found to 
be significantly higher in breast tumors that were high grade (/* = 
0.008), consistent with published CGH data (3), estrogen rcccp- 
tor negative (P « 0.04), and harboring TP53 mutations (P = 
0.0006) (sec Tabic 4. which is published as supporting informa- 
tion on the PNAS web site). ^ , . 

The improved spatial resolution of our array CGH analysis is 
illustrated for chromosome 8, which displayed extensive DNA 
copy number alteration in our series. A detailed view of the 
variation in the copy number of 241 genes mapping to chromo- 
some 8 revealed multiple regions of recurrent amplification; 
each of these potentially harbors a different known or previously 
uncharactcrized oncogene (Fig. 2a). the complexity of amplicon 
structure is most easily appreciated in the breast cancer cell line 
SKBR3. Although a conventional CGH analysis of 8q in SKBR3 
identified only two distinct regions of amplification (12), we 
observed three distinct regions of high-level amplification (la- 
beled 1-3 in Fig. 2b). For each of these regions we can defmc the 
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boundaries of the interval recurrently amplified m the tumors we 
examined; in each case, known or plausible candidate oncogenes 
can be identified (a description of these regions, as weU as the 
recurrently amplified regions on chromosomes 17 and 20. can be 
found in Figs. 6 and 7, which are published as supportmg 
inforroaUon on the PNAS web site). ^ ,t 

For a subset of breast cancer cell Imes and tumors (4 and 37, 
respectively), and a subset of arrayed genes (6,095), niRNA 
levels were quantitatively measured in paraUel l^ using cDNA 
microarrays (8). The parallel assessment of mRNA levels is 
useful in the interpretation of DNA copy number For 
example, the highly amplified genes that are also highly ex- 
pressed arc the strongest candidate oncogenes within an ampli- 
con. Pertiaps more significantly, our parallel analysis of DNA 
cow number changes and mRNA levels provides the oppor- 
tunity to assess the global impact of widespread DNA copy 
number alteration on gene expression in tumor cells. 

A strong influence of DNA copy number on gene expression 
is evident in an examination of the pseudocolor reprcscnutions 
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Concordance between DNA cow number and gene expression across chromosome 17. DNA copy 

cell lines and tumon are separately ordered by hierarchical clurtenng {Upper), ana tne 



are Illustrated for breast cancer cell lines and tumors. Breast cancer cell lines and tumon are separately oroereo "'•^^•^'•"T^^'^r^^^ 
rdentiailsampleorderlsmainulnedaower).The3549ene^ 
and.mRNA levels were determined, are ordered by position along the chromosome; selected genes are indkated in cDlar<oded text (see fig. legena,. 
Fluorescence ratios (test/reference) are depicted by separate logi pseudocolor scales (indicated). 



of DNA copy number and mRNA levels for genes on chromo^ 
some 17 (Fig. 3). The overall patterns of gene amplification and 
elevated gene expression arc quite concordant; ix., a significant 
fraction of highly amplified genes appear to be correspondingly 
highly expressed. The concordance between high-level amplifi- 
cation and increased gene expression is not restricted to chro- 
mosome 17. Genome-wide, of 117 high-level DNA amplifica- 
tions (fluorescence ratios >4» and representing 91 different 
genes), 62% (representing 54 different genes; see Table 5, whtcli 
is published as supporting information on the PNAS web site) 
are found associated with at least moderately elevated mRNA 
levels (mean-centered fluorescence ratios >2), and 42% (rep- 
resenting 36 different genes) are found associated with compa- 
rably highly elevated mRNA levels (mean-centered fluorescence 
ratios >4). 

To determine the extent to which DNA deletion and lower- 
level amplification (in addition to high-level amplification) arc 
also associated with corresponding alterations in mRNA levels, 
we performed three separate analyses on the complete data set 
(4 cell lines and 37 tumors, across 6,095 genes). First, wc 
determined the average mRNA levels for each of five classes 
of genK. representing DNA deletion, no change, and low-, 
medium-, and high-level amplification (Fig. 4^). For both the 
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breast cancer cell lines and tumors, average mRNA levels 
tracked with DNA copiy number across all five classes, in a 
statistically significant fashion (P values for pair-wise Studcnl^s 
I tests comparing adjacent classes: cell lines, 4 x 10- ', 1 x 10*" , 
5 X 10-^ I X 10-4 tumors. 1 x 10-« 1 x 10-2'^5 x iO--\ 
1 X 10-*). A linear regression of the average log(DNA copy 
number), for each dass, against average log(mRNA level) 
demonstrated that on average, a 2-fold change in DNA copy 
numbcrwasaccompanicdby 1.4.and iMold changes in mRNA 
level for the breast cancer cell lines and tumors, respectively (Fig. 
4fl, regression line not shown). Second, we characterized the 
distribution of the 6,095 correlations between DNA copy num- 
ber and mRNA level, each across the 37 tumor samples (Fig. 46). 
The distribution of correlations forms a normal-shaped curve, 
but with the peak markedly shifted in the positive direction from 
zero. This shift is statistically significant, as evidenced m a plot 
of observed vs. expected correlarions (Fig. 4c). and reflects a 
pervaswe global influence of DNA copy number alterauons on 
gene expression. Notably, the highest correlations between DNA 
copy number and mRNA level (the right taU of the distribution 
in Fig. 46) comprise both amplified and deleted genes (data not 
shown). Third, we used a linear regression model to estimate the 
fraction of all variaUon measured in mRNA levels among the 37 
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Rg, 4. Genome-wide influence o1 DNA copy number alterations on mRNA ievels. (a) For breast cancer c«II lines (gray) and tumor samples (btaidO, both 
mean^cntered mRNA fluorescence ratio (logj scale) quartllcs (box plots Indicate 25th, 50th, and 75th penKntflc) and averages (diamonds; r-value error ban 
indicate standard errors of the mean) are plotted for each of five cJasscs of genes, representing DNA deletion (tumor/normal ratio < 0.8), no change (0.8-1^). 
low- (1.2-2), medium- (2-4). and high-level (>4) amplification. P values for pair-wise Student's t tests, comparing averages between adjacent classes (moving 
tefttorigh0.are4XtO-«1 X 10-« 5X10-».1 x lO-Mcell imcs). and 1 x lO"**.! x io-»« 5 x 10-*M x 10"* (tumors), (b) Distribution of correlations between 
DNA copy number and mRNA levels, for 6,095 diHerent human genes across 37 breast tumor samples, (c) Plotof observed versus expected correlation coefficients. 
The expected values were obtained by randomUation of the sample labels in the DNA copy number data set The line of unity is indicated, (d) Percent variance 
in gene expression (among tumors) directly explained by variation in gene copy number. Pcrcem variance explained (black line) and fracUon of data retained 
(gray line) are plotted for different fluorescence intensity/background (a rough surrogate for signal/noise) cutoff values. Fraction of data retained is relative 
to the 1.2 Intensity/background cutoff. Oetalb of the linear regression model used to estimate the fraction of variation in gene expression atUibuUble to 
underlying DNA copy number alteration can be found in the supporting information (see estimating the Fraction of Variation in Gene Expression Attributable 
to Underlying DNA Copy Number Atteration). 




tumors that could be attnbuted to underlying variation in DNA 
copy number. From this analysis, we estimate that, overall, about 
7% of all of the observed variation in mRNA levels can be 
explained direct^ by variation in copy number of the altered 
genes (Fig. Ad). We can reduce the effects of experimental 
measurement error on this estimate by using only that fracUon 
of the data most reliably measured (fluorescence intensity/ 
background >3); using that data, our estimate of the percent 
variation in mRNA levels directly attributed to variation in gene 
copy number increases to 12% (Fig. Ad), This still undoubtedly 
represents a significant underestimate, as the observed variation 
in global gene expre&ion is affected not only by true variation in 
the expression programs of the tumor cells themseWes, but also 
by the variable presence of non-tumor cell types within clinical 
samples. 

Discusaon 

This genome-wide, array CGH analysis of DNA copy number 
alteration in a series of human breast tumors demonstrates the 
usefulness of defining amplicon boundaries at high resolution 
(gene-by-gcne), and quantitatively measuring amplicon shape, to 
assist in locating and identifying candidate oncogenes. By ana- 
lyzing mRNA levels in parallel, we have also discovered that 
changes in DNA copy number have a large, pervasive, direct 
effect on global gene expression patterns in both breast cancer 



cell lines and tumors. Although the DNA microarrays used in our 
analysis may display a bias toward characterized and/or highly 
expressed genes, because we are examining such a large fraction 
of the genome (approximately 20% of all human genes), and 
because, as detailed above, we are likely underestimating the 
contribution of DNA copy number changes to altered gene 
expression, we believe our findmgs are likely to be generalizable 
(but would nevertheless still be remarkable if only applicable to 
this set of -6,100 genes). 

In budding yeast, aneuploidy has been shown to result in 
chromosome-wide gene expression biases (13). Two recent 
studies have begun to examine the global relationship between 
DNA copy number and gene expression in cancer cells. In 
agreement with our findings, Phillips e/ a/. (14) have shown that 
with the acquisition of tumorigenicity in an immortalized pros* 
tate epithelial cell line, new chromosomal gains and losses 
resulted in a statistically; significant respective increase and 
decrease in the average expression level of involved genes. In 
contrast, Platzer et al (15) recently reported that in metasUtic 
colon tumors only —4% of genes within amplified regions were 
found more highly (>2-fold) expressed, when compared with 
normal colonic epithelium. This report differs substantially from 
our finding that 62% of highly amplified genes in breast cancer 
exhibit at least 2-fold increased expression. These contrasting 
findings may reflect methodological differences between the 
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studies. For example, the study of Platzer et aL (15) may have 
systematically under-measured gene expression changes. In this 
regard it is remarkable that only 1 4 transcripts of many thousand 
residing within unamplified chromosomal regions were found to 
exhibit at least 4-fold altered expression in metastatic colon 
cancer. Additionally, their reliance on lower-resolution chromo- 
somal CGH may have resulted in poorly delimiting the bound- 
aries of high-complexity amplicons,. effectively overcalling re- 
gions with amplification. Altemathrely, the contrasting fmdings 
for amplified genes may represent real biological differences 
between breast and metastatic colon tumors; resolution of this 
issue will require further studies. 

Our finding that widespread DNA copy number alteration has 
a large, pervasive and direct effect on global gene expression 
patterns in breast cancer has several important implications. 
First, this finding supports a high degree of copy number- 
dependent gene expression in tumors. Second, it suggests that 
most genes are not subject to specific autoregulation or dosage 
compensation. Third, this finding cautions that elevated expres- 
sion of an amplified gene cannot alone be considered strong 
independent evidence of a candidate oncogene's role in tumor- 
igenesis. In our study, ftUly 62% of highly amplified genes 
demonstrated moderately or highly elevated expression. This 
highlights the importance of high-resolution mapping of ampli- 
con boundaries and shape [to identify the "driving" gene(s) 
within amplicons (16)], on a large number of samples, in addition 
to functional studies. Fourth, this finding suggests that analyzing 
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the genomic distribution of expressed genes, even within existing 
microarray gene expression data sets, may permit the inference 
of DNA copy number aberration, particularly aneuploidy (where 
gene expression can be averaged across large chromosomal 
regions; see Fig. 3 and supporting mfonnation). Fifth, this 
finding implies that a substantial portion of the phcnotypic 
uniqueness (and by extension, the heterogeneity in clinical 
behavior) among patients' tumors may be traceable to underly- 
ing variation in DNA copy number. Sixth, this finding supports 
a possible role for widespread DNA copy number aheration in 
tumorigenesis (17, 18). beyond the amplification of specific 
oncogenes and deletion of spedfic tumor suppressor genes. 
Widespread DNA copy number alteration, and the concomitant 
widespread imbalance in gene expression, might disrupt critical 
stochiometric relationships in cell metabolism and physiology 
(e.g., proteosome, mitotic spindle), possibly promoting further 
chromosomal instability and directly contributing to tumor 
development or progression. Finally, our findings suggest the 
possibility of cancer therapies that exploit specific or global 
imbalances in gene expression in cancer. 
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Julie Sanford Hanna, Ph.D, and Dan Mornin. M,D, 



Each year, over 182,000 women in the United States are 
diagnosed with breast cancer, and approximately 45,000 die 
of the diseased Incidence appears to be increasing in the 
United States at a rate of roughly 2% per year. The reasons 
for the increase are unclear, but non-genetic risk factors appear 
to play a large rolc.^ 

Five-year survival rates range from approximately 65%- 
85%, depending on demographic group, with a significant 
percentage of women experiencing recurrence of their cancer 
within 10 years of diagnosis. One of the factors most predic- 
tive for recurrence once a diagnosis of breast cancer has been 
made is the number of axillary lymph nodes to which tumor 
has metastasized. Most node-positive women arc given adju- 
vant therapy, which increases their survival. However, 20%- 
30% of patients without axillary node involvement also 
develop recurrent disease, and the difficulty lies in ho>y to iden- 
tify this high-risk subset of patients. These patients could 
benefit from increased surveillance, early intervention, and 
treatment. 

Prognostic markers currently used in breast cancer recur- 
rence prediction include tumor size, histological grade, steroid 
hormone receptor status. DNA ploidy, proliferative index, and 
cathepsin D status. Expression of growth factor receptors and 
over-expression of the HER-2/neu oncogene have also been 
identified as having value regarding treatment regimen and 
prognosis. 

" HER-2/neu (also known as c-erbB2) is an oncogene that 
encodes a transmembrane glycoprotein that is homologous 
to, but distinct from, the epidermal growth factor receptor- 
Numerous studies have indicated that high levels of expres- 
sion of this protein are associated with rapid tumor growth, 
certain forms of therapy resistance, and shorter disease-free 
survival. The gene has been shown to be amplified and/or 
' overcxpresscd in 10%-30% of invasive breast cancers and in 
40%-60% of intraductal breast carcinoma.3 

There are two distinct FDA-approved methods by which 
HER-2/neu status can be evaluated: immunohistochemistry 
(IHC, HcrcepTest™) and FISH (fluorescent in situ hybridiza- 
tion, Path Vys ion™ Kit). Both methods can be performed on 
archived and current specimens. The first method allows visual 
assessment of the amount of HER-2/neu protein present on 
the cell membrane. The latter method allows direct quantifi- 
cation of the level of gene amplification present in the tumor, 
enabling differentiation between low- versus high-ampiifica- 
tidh. At least one study has demonstrated a difference in 



recurrence risk in women younger than 40 years of age for 
low- versus high-amplified tumors (54.5% compared to 
85.7%); this is compared to a recurrence rate of 16.7% for 
patients with no HER-2/neu gene amplification.'* HER-2/ncu 
status may be particularly important to establish in women with 
small (< 1 cm) tumor size. 

The choice of methodology for determination of HER-2/ 
neu status depends in part on the clinical setting. FDA approval 
for the Vysis FISH test was granted based on clinical trials 
involving 1 549 node-positive patients. Patients received pne 
of three different treatments consisting of different doses of 
cyclophosphamide, Adriamycm, and 5-fluorouracil (CAF). 
The study showed that patients with amplified HER-2/neu 
benefited from treatment with higher doses of adriamycin- 
based therapy, while those with normal HER-2/neu levels did 
not. The study therefore identified a sub-set of women, who 
because they did not benefit from more aggressive treatment, 
did not need to be exposed to the associated side effects. In 
addition, other evidence indicates that HER-2/neu amplifica- 
tion in node-negative patients can be used as an independent 
prognostic indicator for early recurrence, recurrent disease at 
any time and disease-related death.^ Demonstration of HER- 
2/neu gene amplification by FISH has also been shown to be 
of value in predicting response to cheniotherapy in stage-2 
breast cancer patients. 

Selection of patients for Herceptin^ (Trastuzumab) mono- 
clonal antibody therapy, however, is based upon demonsua- 
tion of HER-2/neu protein overexpression using HercepTest™. 
Studies using Herceptin® in patients with metastatic breast 
cancer show an increase in time to disease progression, 
increased response rate to chemotherapeutic agents and a small 
increase in overall survival rate. The FISH assays have not yet 
been approved for this purpose, and studies looking at response 
to Herceptin^ in patients with or without gene amplification 
status determined by FISH are in progress. 

In general, FISH and IHC results correlate well. However, 
subsets of tumors are found which show discordant results; 
i.e., protein overexpression without gene amplification or lack 
of protein overexpression with gene amplification. The clini- 
cal significance of such results is unclear. Based on the above 
considerations, HER-2/neu testing at SHMCVPAML will uti- 
lize immunohistochemistry (HercepTcst^) as a screen, fol- 
lowed by FISH in IHC-negative cases. Alternatively, either 
method may be ordered individually depending on the clini- 
cal setting or clinician preference. 
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CPT code information 

HER-2/oeu via IHC 

88342 (including interpretive report) 

HER-2/neu via FISH 

88271 x2 Molecular cytogenetics. DNA probe, each 
88274 Molecular cytogenetics, interphase m situ, hybnd- 

ization, analyze 25-99 cells 
88291 Cytogenetics and molecular cytogenetics, interpre- 
tation and report 



Procedural Information 

Immunohistochemistry is performed using the FDA-approved 
DAKO antibody kit. Herceptest©. The DAKO kit contams 
reagents required to complete a two-step immunohmo- 
chemical staining procedure for routinely processed, paraffin- 
embedded specimens. Following incubation with the primary 
rabbit antibody to human HER-2/neu protein, the k.t employs 
a ready-to-use dextran-based visualization reagent. This re- 
agent consists of both secondary goat anti-rabbit antibody 
molecules with horseradish peroxidase molecules linked to a 
common dextran polymer backbone, thus eliminatmg the iieed 

for sequential application of link antibody and peroxidase 
conjugated antibody. Enzymatic conversion of the subse- 
quently added chromogen results in formation of visible 
reaction product at the antigen site. The specimen is thencoun- 
tcrstained; a pathologist using light-microscopy mterprets 

"IfISH analysis at SHMC/PAML is performed using the 
FDA-approved PathVysion™ HER-2/neu DNA probe kit^ pro- 
duced by Vysis, Inc. Foimalin fixed, paraffin-embedded breast 
tissue is processed using routine histological methods and then 
slides are treated to allow hybridization of DNA probes to the 
nuclei pn^scnt in the tissue section. The Pathvysioii™ k.t con- 
tains two direct-labeled DNA probes, one specific for the 
alphoid repetitive DNA (CEP 17, spectrum orange) present at 
the chromosome 17 centromere and the second for the FffiR- 
2/neu oncogene located at 17q 11. 2- 12 (spectrum green). Enu- 
meration of the probes allows a ratio of the """"b^ °f cop^^ 
of chromosome 17 to the number of copies of HER-2/neu to 
be obtained; this enables quantification of low versus high 
amplification levels, and allows an estimate of the percentage 
of cells with HER-2/neu gene amplification. The clinically 
relevant distinction is whether the gene amplification is due 
to increased gene copy number on the two chromosome 17 
homologoes normally present or an increase m the nnmberof 
chromosome i7s in the cells. In the majority of cases, ratio 
equivalents less than 2.0 are indicative of a normal/negative 
result, ratios of 2.1 and over indicate that amplification is 
presem and to what degree. Interpretation of this data will be 
performed and reported from the Vysis-certified Cytogenet- 
ics laboratory at SHMC. 
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ABSTRACT Wnt family members are critical to many 
developmental procesises, and components of the Wnt signal- 
ing pathway have been linked to tumorigenesis in familial and 
sporadic colon carcinomas. Here we report the identification 
of two genes, WISP-1 and WJSP-2, that are up-regulated in the 
mouse mammary epithelial cell line C57MG transformed by 
Wnt-1, but not by Wnt-4. Together with a third related gene, 
WJSP'3f these proteins define a subfamily of the connective 
tissue growth factor family. Two distinct systems demon- 
strated WISP induction to be associated with the expression of 
Wnt-1. These included (i) C57IV1G cells infected with a Wnt-1 
retroviral vector or expressing Wnt-1 under the control of a 
tetracyline repressible promoter, and (ii) Wnt-1 transgenic 
mice. The WISP-l gene was localized to human chromosome 
8q24.1-8q243. WISP-1 genomic DNA was amplified in colon 
cancer cell lines and in human colon tumors and its RNA 
overexpressed (2- to > 30-fold) in 84% of the tumors examined 
compared with patient-matched normal mucosa. WISP-3 
mapped to chromosome 6q22-6q23 and also was overex- 
pressed (4- to > 40-fold) in 63% of the colon tumors analyzed. 
In contrast, WISP-2 mapped to human chromosome 20ql2- 
20ql3 and its DNA was amplified, but RNA expression was 
reduced (2- to > 30-fold) in 79% of the tumors. These results 
suggest that the WISP genes may be downstream of Wnt-1 
signaling and that aberrant levels of WISP expression in colon 
cancer may play a role in colon tumorigenesis. 



Wnt-1 is a member of an expanding family of cysteine-rich, 
glycosylated signaling proteins that mediate diverse develop- 
mental processes such as the control of cell proliferation, 
adhesion, cell polarity, and the establishment of cell fates (1, 
2). Wnt-1 originally was identified as an oncogene activated by 
the insertion of mouse mammary tumor virus in virus-induced 
mammary adenocarcinomas (3, 4). Although Wnt-1 is not 
expressed in the normal mammary gland, expression of Wnt-1 
in transgenic mice causes mammary tumors (5). 

In mammalian cells, Wnt family members initiate signaling 
by binding to the seven-transmembrane spanning Frizzled 
receptors and recruiting the cytoplasmic protein Dishevelled 
(Dsh) to the cell membrane (1, 2, 6). Dsh then inhibits the 
kinase activity of the normally constitutively active glycogen 
synthase kinase-3j3 (GSK-3P) resulting in an increase in 
j3-catenin levels. Stabilized /3-catenin interacts with the tran- 
scription factor TCF/Lefl, forming a complex that appears in 
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the nucleus and binds TCF/Lefl target DNA elements to 
activate transcription (7, 8). Other experiments suggest that 
the adenomatous polyposis coli (APC) tumor suppressor gene 
also plays an important role in Wnt signaling by regulating 
jS-cateniri levels (9). APC is phosphorylated by GSK-3j3, binds 
to ^-catenin, and facilitates its degradation. Mutations in 
either APC or /3-catenin have been associated with colon 
carcinomas and melanomas, suggesting these mutations con- 
tribute to the development of these types of cancer, implicating 
the Wnt pathway in tumorigenesis (1). 

Although much has been learned about the Wnt signaling 
pathway over the past several years, only a few of the tran- 
scriptionally activated downstream components activated by 
Wnt have been characterized. Those that have been described 
cannot account for all of the diverse functions attributed to 
Wnt signaling. Among the candidate Wnt target genes are 
those encoding the nodal-related 3 gene, Xnr3, a member of 
the transforming growth factor (TGF)-p superfamily, and the 
homeobox genes, engrailed, goosecoid, twin (Xtwn)^ and siamois 
(2). A recent report also identifies c-myc as a target gene of the 
Wnt signaling pathway (10). 

To identify additional downstream genes in the Wnt signal- 
ing pathway that are relevant to the transformed cell pheno- 
type, we used a PCR-based cDNA subtraction strategy, sup- 
pression subtractive hybridization (SSH) (11), using RNA 
isolated from C57MG mouse mammary epithelial cells and 
C57MG cells stably transformed by a Wnt-1 retrovirus. Over- 
expression of Wnt-1 in this cell line is sufficient to induce a 
partially transformed phenotype, characterized by elongated 
and refractile cells that lose contact inhibition and form a 
multilayered array (12, 13). We reasoned that genes differen- 
tially expressed between these two cell lines might contribute 
to the transformed phenotype. 

In this paper, we describe the cloning and characterization 
of two genes up«regulated in Wnt-1 transformed cells, WISP-l 
and WISP'2, and a third related gene, WISP-S. The WISP genes 
are members of the CCN family of growth factors, which 
includes connective tissue growth factor (CTGF), Cyr61, and 
nov, a family not previously linked to Wnt signaling. 

MATERIALS AND METHODS 

SSH. SSH was performed by using the PCR-Select cDNA 
Subtraction Kit (CLONTECH). Tester double-stranded 

■■ " 

Abbreviations: TOP, transforming growth factor; CTGF, connective 
tissue growth factor; SSH, suppression subtractive hybridization; 
VWC, von Willebrand factor type C module. 
Data deposition: The sequences reported in this paper have been 
deposited in the Genbank database (accession nos. AF100777, 
AF100778, AF100779, AF100780, and AF100781). 
tTo whom reprint requests should be addressed. e*mail: diane@gene. 
com. 
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cDNA was synthesized from 2 fig of poIyCA)"^ RNA isolated 
from the C57MG/Wnt-1 cell line and driver cDNA from 2 ptg 
of poly (A) RNA from the parent C57MG cells. The sub- 
tracted cDNA library was subcloned into a pGEM-T vector for 
further analysis. 

cDNA Library Screening. Clones encoding full-length 
mouse WISP-1 were isolated by screening a AgtlO mouse 
embryo cDNA library (CLONTECH) with a 70-bp probe from 
the original partial clone 568 sequence corresponding to amino 
acids 128-169. Clones encoding full-length human WISP-l 
were isolated by screening AgtlO lung and fetal kidney cDNA 
libraries with the same probe at low stringency. Clones en- 
coding full-length mouse and human WlSP-2 were isolated by 
screening a C57MG/Wnt-1 or human fetal lung cDNA library 
with a probe corresponding to nucleotides 1463-1512. Full- 
length cDNAs encoding IVISP-S were cloned from human 
bone marrow and fetal kidney libraries. 

Expression of Human WISP RNA. PCR amplification of 
first-strand cDNA was performed with human Multiple Tissue 
cDNA panels (CLONTECH) and 300 /iM of each dNTP at 
94'*C for 1 sec, 62°C for 30 sec, 72°C for 1 min, for 22-32 cycles. 
WISP and glyceraldehyde-3-phosphate dehydrogenase primer 
sequences are available on request. 

In Situ Hybridization. ^^P-labeled sense and antisense ribo- 
probes were transcribed from an 897-bp PCR product corre- 
sponding to nucleotides 601-1440 of mouse WISP-I or a 
294-bp PCR product corresponding to nucleotides 82-375 of 
mouse WISP-2. All tissues were processed as described (40). 

Radiation Hybrid Mapping. Genomic DNA from each 
hybrid in the Stanford G3 and Genebridge4 Radiation Hybrid 
Panels (Research Genetics, Huntsville, AL) and human and 
hamster control DNAs were PCR-amplified, and the results 
were submitted to the Stanford or Massachusetts Institute of 
Technology web servers. 

Cell Lines, Tumors, and Mucosa Specimens. Tissue speci- 
mens were obtained from the Department of Pathology (Uni- 
versity of Pittsburgh) for patients undergoing colon resection 
and from the University of Leeds, United Kingdom. Genomic 
DNA was isolated (Qiagen) from the pooled blood of 10 
normal human donors, surgical specimens, and the following 
ATCC human cell lines: SW480, COLO 320DM, HT-29, 
WiDr, and SW403 (colon adenocarcinomas), SW620 (lymph 
node metastasis, colon adenocarcinoma), HCT 116 (colon 
carcinoma), SK-CO-1 (colon adenocarcinoma, ascites), and 
HM7 (a variant of ATCC colon adenocarcinoma cell line LS 
174T). DNA concentration was determined by using Hoechst 
dye 33258 intercalation f luorimetry. Total RNA was prepared 
by homogenization in 7 M GuSCN followed by centrifugation 
over CsCl cushions or prepared by using RNAzol. 

Gene Amplification and RNA Expression Analysis. Relative 
gene amplification and RNA expression of WISPs and c*m>^c in 
the cell lines, colorectal tumors, and normal mucosa were 
determined by quantitative PCR. Gene-specific primers and 
fluorogenic probes (sequences available on request) were 
designed and used to amplify and quantitate the genes. The 
relative gene copy number was derived by using the formula 
2(^<») where ACt represents the difference in amplification 
cycles required to detect the WISP genes in peripheral blood 
lymphocyte DNA compared with colon tumor DNA or colon 
tumor RNA compared with normal mucosal RNA. The 
a-method was used for calculation of the SE of the gene copy 
number or RNA expression level. The H^^P-specific signal was 
normalized to that of the glyceraldehyde-3-phbsphate dehy- 
drogenase housekeeping gene. All TaqMan assay reagents 
were obtained from Perkin-Elmer Applied Biosystems. 

RESULTS 

Isolation of WISP-l and WISP-l by SSH. To identify Wnt- 
Irinducible genes, we used the technique of SSH using the 
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mouse mammary epithelial cell line C57MG and C57MG cells 
that stably express Wnt-1 (11). Candidate differentially ex- 
pressed cDNAs (1,384 total) were sequenced. Thirty-nine 
percent of the sequences matched known genes or homo- 
logues, 32% matched expressed sequence tags, and 29% had 
no match. To confirm that the transcript was differentially 
expressed, semiquantitative reverse transcription-PCR and 
Northern analysis were performed by using mRNA from the 
C57MG and C57MG/Wnt-1 cells. 

Two of the cDNAs, WISP-I and WISP-Z, were differentiaUy 
expressed, being induced in the C57MG/Wnt-1 cell line, but 
not in the parent C57MG cells or C57MG cells overexpressing 
Wnt-4 (Fig. 1 A and B). Wnt-4, unlike Wnt-1, does not induce 
the morphological transformation of C57MG cells and has no 
effect on j3-catenin levels (13, 14). Expression of WISP-I was 
up-regulated approximately 3-fold in the C57MG/Wnt-1 cell 
line and WISP-2 by approximately 5-fold by both Northern 
analysis and reverse transcription-PCR. 

An independent, but similar, system was used to examine 
WISP expression after Wnt-1 induction. C57MG cells express- 
ing the Wnt'I gene under the control of a tetracycline- 
repressible promoter produce low amounts of Wnt-1 in the 
repressed state but show a istrong induction of Wnt-I mRNA 
and protein within 24 hr after tetracycline removal (8). The 
levels of Wnt-1 and WISP RNA isolated from these cells at 
various times after tetracycline removal were assessed by 
quantitative PCR. Strong induction of Wnt-1 mRNA was seen 
as early as 10 hr after tetracycline removal. Induction of WISP 
mRNA (2- to 6-fold) was seen at 48 and 72 hr (data not shown). 
These data support our previous observations that show that 
WISP induction is correlated with Wnt-1 expression. Because 
the induction is slow, occurring after approximately 48 hr, the; 
induction of WISPs may be an indirect response, to Wnt-1 
signaling. 

cDNA clones of human were isolated and the 

sequence compared with mouse WISP-I. The cDNA sequences 
of mouse and human WISP-I were 1,766 and 2,830 bp in length, 
respectively, and encode proteins of 367 aa, with predicted 
relative molecular masses of 40,000 (Mj 40 K). Both have 
hydrophobic N-terminal signal sequences, 38 conserved cys- 
teine residues, and four potential N-linked glycosylation sites 
and are 84% identical (Fig. 24). 

Full-length cDNA clones of mouse and human WISP-2 were 
1,734 and 1,293 bp in length, respectively, and encode proteins 
of 251 and 250 aa, respectively, with predicted relative molec- 
ular masses of ««27,000 (Mr 27 K) (Fig. 2B). Mouse and human 
WISP-2 are 73% identical. Human WISP'2 has no potential 
N-linked glycosylation sites, and mouse WISP'2 has one at 

CS7MG ... 



Parent Wnt-1 Wnt-4' 




Fig. 1. WJSP'l and WISP-2 are induced by Wnt-1, but not Wnt-4, 
expression in C57MG cells. Northern analysis of WISP-I (A) and 
WISP-2 (B) expression in C57MG, C57MG/Wnt-1, and C57MG/ 
Wnt-4 cells. Poly(A)+ RNA (2 ^tg) was subjected to Northern blot 
analysis and hybridized with a TO-bp mouse H7^/'-7-specific probe 
(amino acids 278-300) or a 190-bp H7SP-2-specific probe (nucleotides 
1438-1627) in the 3' untranslated region. Blots were rehybridized with 
human ^-actin probe. 
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Fig. 2. Encoded amino acid sequence alignment of mouse and 
human WISP-l (A) and mouse and human WISP-2 (B). The potential 
signal sequence, insulin-like growth factor-binding protein (IGF-BP), 
VWC, thrombospondin (TSP), and C-terminal (CT) domains are 
underlined. 

position 197. WISP-2 has 28 cysteine residues that are con- 
served among the 38 cysteines found in WISP-L 

Identification of WJSP»3. To search for related proteins, we 
screened expressed sequence tag (EST) databases with the 
WlSP-1 protein sequence and identified several ESTs as 
potentially related sequences. We identified a homologous 
protein that we have called WISP-3. A full-length human 
WISPS cDNA of 1,371 bp was isolated corresponding to those 
ESTs that encode a 354-aa protein with a predicted molecular 
. mass of 39,293. WISP-3 has two potential N-linked glycosyl- 
ation sites and 36 cysteine residues. An alignment of the three 
human WISP proteins shows that WISP-l and WISP-3 are the 
most similar (42% identity), whereas WlSP-2 has 37% identity 
with WISP-l and 32% identity with WISP-3 (Fig. 3A). 

WISPs Are Homologous to the CTGF Family of Proteins. 
Human WISP-I, WISP-2, and WISP-3 are novel sequences; 
however, mouse WISP-I is the same as the. recently, identified 
Elml gene. Elml is expressed in low, but not high, metastatic 
mouse melanoma cells, and suppresses the in vivo growth and 
metastatic potential of K-1735 mouse melanoma cells (15). 
Human and mouse WISP-2 are homologous to the recently 
described rat gene, rCop-I (16). Significant homology (36- 
44%) was seen to the CCN family of growth factors. This family 
includes three members, CTGF, Cyr61, and the protoonco- 
gene nov. CTGF is a chemotactic and mitogenic factor for 
fibroblasts that is implicated in wound healing and fibrotic 
disorders and is induced by TGF-/3 (17). Cyr61 is an extracel- 
lular matrix signaling molecule that promotes cell adhesion, 
proliferation, migration, angiogenesis, and tumor growth (18, 
19). nov (nephroblastoma overexpressed) is an immediate 
early gene associated with quiescence and found altered in 
Wilms tumors (20). The proteins of the CCN family share 
functional, but not sequence, similarity to Wnt-1. All are 
secreted, cysteine-rich heparin binding glycoproteins that as- 
sociate with the cell surface and extracellular matrix. 

WISP proteins exhibit the modular architecture of the CCN 
family, characterized by four conserved cysteine-rich domains 
(Fig. 3B) (21). The N-terminal domain, which includes the first 
12 cysteine residues, contains a consensus sequence (GCGC- 
CXXC) conserved in most insulin-like growth factor (IGF)- 
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Fig. 3. {A) Encoded amino acid sequence alignment of human 
WISPs. The cysteine residues of WISP-l and WISP-2 that are not 
present in WISP-3 are indicated with a dot. {B) Schematic represen- 
tation of the WISP proteins showing the domain structure and cysteine 
residues (vertical lines). The four cysteine residues in the VWC domain 
that are absent in WISP-3 are indicated with a dot. (C) Expression of 
WISP mRNA in human tissues. PGR was performed on human 
multiple-tissue cDNA panels (CLONTECH) from the indicated aduh 
and fetal tissues. 

binding proteins (BP). This sequence is conserved in WISP-2 
and WISP-3, whereas WISP-l has a glut amine in the third 
position instead of a glycine. CTGF recently has been shown 
to specifically bind IGF (22) and a truncated nov protein 
lacking the IGF-BP domain is oncogenic (23). The von Wil- 
lebrand factor type C module (VWC), also found in certain 
collagens and mucins, covers the next 10 cysteine residues, and 
is thought to participate in protein complex formation and 
oligomerization (24). The VWC domain of * WISP-3 differs 
from all CCN family members described previously, in that it 
contains only sue of the 10 cysteine residues (Fig. 3 A and B). 
A short variable region follows the VWC domain. The third 
module, the thrombospondin (TSP) domain is involved in 
binding to sulfated glycoconjugates and contains six cysteine 
residues and a conserved WSxCSxxCG motif first identified in 
thrombospondin (25). The C-terminal (CT) module contain- 
ing the remaining 10 cysteines is thought to be involved in 
dimerization and receptor binding (26). The CT domain is 
present in all CCN family members described to date but is 
absent in WISP-2 (Fig. 3 A and B). The existence of a putative 
signal sequence and the absence of a transmembrane dornain 
suggest that WISPs are secreted proteins, an observation 
supported by an analysis of their expression and secretion from 
mammalian cell and baculovirus cultures (data not shown). 

Expression of WISP mRNA in Human Tissues. Tissue- 
specific expression of human WISPs was characterized by PGR 
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analysis on adult and fetal multiple tissue cDNA panels. 
WlSP-1 expression was seen in the adult heart, kidney, lung, 
pancreas, placenta, ovary, small intestine, and spleen (Fig. 3C). 
Little or no expression was detected in the brain, liver, skeletal 
muscle, colon, peripheral blood leukocytes, prostate, testis, or 
thymus. WISP-l had a more restricted tissue expression and 
was detected in adult skeletal muscle, colon, ovary, and fetal 
lung. Predominant expression of WISPS was seen in adult 
kidney and testis and fetar kidney. Lower levels of WISPS 
expression were detected in placenta, ovary, prostate, and 
small intestine. 

In Situ Localization of WISP-J and H7SP-2. Expression of 
WISP-I and WISP-2 was assessed by in situ hybridization in 
mammary tumors from Wnt-1 transgenic mice. Strong expres- 
sion of WISP'l was observed in stromal fibroblasts lying within 
the fibrovascular tumor stroma (Fig. 4^4-'/)). However, low- 
level WISP-I expression also was observed focally within tumor 
cells (data not shown). No expression was observed in normal 
breast. Like WISP-I, WISP-2 expression also was seen in the 
tumor stroma in breast tumors froni Wnt-1 transgenic animals 
(Fig. 4 E-H). However, WISP-2 expression in the stroma was 
in spindle-shaped cells adjacent to capillary vessels, whereas 




Fig. 4. {A, C, £, and G) Representative hematoxylin/eosin-stained 
images from breast tumors in Wnt-1 transgenic mice. The correspond- 
ing dark-field images showing WJSP-I expression are shown in B and 
D, The tumor is a moderately well-differentiated adenocarcinoma 
showing evidence of adenoid cystic change. At low power (A and B), 
expression of WISP-I is seen in the delicate branching fibrovascular 
tumor stroma (arrowhead). At higher magnification, expression is seen 
in the stromal(s) fibroblasts (C and Z>), and tumor cells are negative. 
Focal expression of IVISP-h however, was observed in tumor cells in 
some areas. Images of WISP'2 expression are shown in E-H. At low 
power (E and F), expression of WISP-2 is seen in cells lying within the 
fibrovascular tumor stroma. At higher magnification, these cells 
appeared to be adjacent to capillary vessels whereas tumor cells are 
negative (G and H). 
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the predominant cell type expressing WISP-I was the stromal 
fibroblasts. 

Chromosome Localization of the WISP Genes. The chro- 
mosomal location of the human WISP genes was determined 
by radiation hybrid mapping panels. WISP-I is approximately 
3.48 cR from the meiotic marker AFM259xc5 [logarithm of 
odds (lod) score 16.31] on chromosome 8q24.1 to 8q24.3, in the 
same region as the human locus of the novH family member 
(27) and roughly 4 Mbs distal to c-myc (28). Preliminary fine 
mapping indicates that WISP-I is located near D8S1712 STS. 
WISP'2 IS linked to the marker SHGC-33922 (lod = 1,000) on 
chromosome 20ql2-20ql3.1. Human WISPS mapped to chro- 
mosome 6q22-6q23 and is linked to the marker AFM21l2e5 
(lod = 1,000). WISP-3 is approximately 18 Mbs proximal to . 
CTGF and 23 Mbs proximal to the human cellular oncogene 
AO^^(27, 29). 

Arhplification and Aberrant Expression of WISPs in Human 
Colon Tumors. Amplification of protponcogenes is seen in 
many human tumors and has etiological and prognostic sig- 
nificance. For example, in a variety of tumor types, c-myc 
amplification has been associated with malignant progression 
and poor prognosis (30). Because WISP-I resides in the same 
general chromosomal location (8q24) as c-myc, we asked 
whether it was a target of gene amplification, and, if so, 
whether this amplification was independent of the c-myc locus. 
Genomic DNA from human colon cancer cell lines was 
assessed by quantitative PGR and Southern blot analysis. (Fig. 
5 A and B), Both methods detected similar degrees of WISP-I 
amplification. Most cell lines showed significant {2- to 4Tfold) 
amplification, with the HT-29 and WiDr cell lines demonstrat- 
ing an 8-fold increase. Significantly, the pattern of amplifica- 
tion observed did not correlate with that observed for c-myc, 
indicatiiig that the c-myc gene is not part of the amplicon that 
involves the WISP-I locus. 

We next examined whether the WISP genes were amplified 
in a panel of 25 primary human colon adenocarcinomas. The 
relative WISP gene copy number in each colon tumor DNA 
was compared with pooled normal DNA from 10 donors by 
quantitative PGR (Fig. 6). The copy number of WISP-I and 
WISP-2 was significantly greater than one, approximately 
2-fold for WISP-I in about 60% of the tumors and 2- to 4-fold 
for WISP-2 in 92% of the tumors (P < 0.001 for each). The 
copy number for WISPS was indistinguishable from one (/* = 
0.166). In addition, the copy number of WISP'2 was signifi- 
cantly higher than that of WISP-I (P < 0.001). 

The levels of WISP transcripts in RNA isolated from 19 
adenocarcinomas and their matched normal mucosa were 




Fig. 5. Amplification of WISP-I genomic DNA in colon cancer cell 
lines. (A) Amplification in cell line DNA was determined by quanti- 
tative PCR. (B) Southern blots containing genomic DNA (10 ^g) 
digested with EcoRJ (WISP-I) or Xbal (c-myc) were hybridized with 
a lOO-bp human probe (amino acids 186-219) or a human 

c-myc probe (located at bp 1901-2000). The WISP and myc genes are 
detected in normal human genomic DNA after a longer film exposure. 
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Fig. 6. Genomic amplification of WISP genes in human colon 
tumors. The relative gene copy number of the WISP genes in 25 
adenocarcinomas was assayed by quantitative PCR, by comparing 
DNA from primary human tumors with pooled DNA from 10 healthy 
donors. The data are means ± SEM from one experiment done in 
triplicate. The experiment was repeated at least three times. 

assessed by quantitative PCR (Fig. 7). The level of WISP-l 
RNA present in tumor tissue varied but was significantly 
increased (2- to >25-fold) in 84% (16/19) of the human colon 
tumors examined compared with normal adjacent mucosa. 
Four of 19 tumors showed greater than 10-fold overexpression. 
In contrast, in 79% (15/19) of the tumors examined, WISP-2 
RNA expression was significantly lower in the tumor than the 
mucosa. Similar to WISP-l, WISPS RNA was overexpressed in 
63% (12/19) of the colon tumors compared with the normal 
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Fig. 7. WISP RNA expression in primary human colon tumors 
relative to expression in normal mucosa from the same patient. 
Expression of WISP mRNA in 19 adenocarcinomas was assayed by 
quantitative PCR. The Dukes stage of the tumor is listed under the 
sample number. The data are means ± SEM from one experiment 
done in triplicate. The experiment was repeated at least twice. 



mucosa. The amount of overexpression of WISP'3 ranged from 
4-lo>40-fold. 

DISCUSSION 

One approach to understanding the molecular basis of cancer 
is to identify differences in gene expression between cancer 
cells and normal cells. Strategies based on assumptions that 
steady-state mRNA levels will differ between normal and 
malignant cells have been used to clone differentially ex- 
pressed genes (31). We have used a PCR-based selection 
strategy, SSH, to identify genes selectively expressed in 
C57MG mouse mammary epithelial cells transformed by 
Wnt-1. 

Three of the genes isolated, WlSP-l, WISP-2, and WISP-3, 
are members of the CCN family of growth factors, which 
includes CTGF, Cyr61, and nov, a family not previously linked 
to Wnt signaling. 

Two independent experimental systems demonstrated that 
WISP induction was associated with the expression of Wnt-1. 
The first was C57MG cells infected with a Wnt-1 retroviral 
vector or C57MG cells expressing Wnt-1 under the control of 
a tetracyline-repressible promoter, and the second was in 
Wnt-1 transgenic mice, where breast tissue expresses Wnt-1, 
whereas normal breast tissue does not. No WISP RNA expres^-^ 
sion was detected in mammary tumors induced by polyoma 
virus middle T antigen (data not shown). These data suggest 
a link between Wnt-1 and WISP% in that in these two situations, 
WISP induction was correlated with Wnt-1 expression. 

It is not clear whether the WISPs are directly or indirectly 
induced by the downstream components of the Wnt-1 signaling 
pathway (i.e., /3-catenin-TCF-l/Lefl). The increased levels of 
WISP RNA were measured in Wnt-l-transformed cells, hours 
or days after Wnt-1 transformation. Thus, WISP expression 
could result from Wnt-1 signaling directly through j3-catenin 
transcription factor regulation or alternatively through Wnt-1 
signaling turning on a transcription factor, which in turn 
regulates lf75/*s. 

The WISPs define an additional subfamily of the CCN family 
of growth factors. One striking difference observed in the 
protein sequence of WISP-2 is the absence of a CT domain, 
which is present in CTGF, Cyr61, nov, WISP-1, and \yiSP-3. 
This domain is thought to be involved in receptor binding and 
dimerization. Growth factors, such as TGF-^, platelet-derived 
growth factor, and nerve growth factor, which contain a cystine 
knot motif exist as dimers (32). It is tempting to speculate that 
WISP-1 and WISP-3 may exist as dimers, whereas WISP-2 
exists as a monomer. If the CT domain is also important for 
receptor binding, WISP-2 may bind its receptor through a 
different region of the molecule than the other CCN family 
members. No specific receptors have been identified for CTGF 
or nov. A recent report has shown that integrin avft serves as 
an adhesion receptor for Cyr61 (33). 

The strong expression of WISP-1 and WISP-2 in cells lying 
within the fibrovascular tumor stroma in breast tumors from 
Wnt-1 transgenic animals is consistent with previous obser- 
vations that transcripts for the related CTGF gene are pri- 
marily expressed in the fibrous stroma of mammary tumors 
(34). Epithelial cells are thought to control the proliferation of 
connective tissue stroma in mammary tumors by a cascade of 
growth factor signals similar to that controlling connective 
tissue formation during wound repair. It has been proposed 
that mammary tumor cells or inflammatory cells at the tumor 
interstitial interface secrete TGF-j31, which is the stimulus for 
stromal proliferation (34), TGF-^l is secreted by a large 
percentage of malignant breast tumors and may be one of the 
growth factors that stimulates the production of CTGF and 
WISPs in the stroma. 

It was of interest that WISP-1 and WISP'2 expression was 
observed in the stromal cells that surrounded the tiimor cells 
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(epithelial cells) in the Wnt-1 transgenic mouse sections of 
breast tissue. This finding suggests that paracrine signaling 
could occur in which the stromal cells could supply WISP-1 and 
WISP-2 to regulate tumor cell growth on the WISP extracel- 
lular matrix. Stromal cell-derived factors in the extracellular 
matrix have been postulated to play a role in tumor cell 
migration and proliferation (35). The localization of WISP-l 
and WISP-2 in the stromal cells of breast tumors supports this 
paracrine model. 

An analysis of WISP- J gene amplification and expression in 
human colon tumors showed a correlation between DNA 
amplification and overexpression, whereas overexpression of 
WISP'3 RNA was seen in the absence of DNA amplification. 
In contrast, WISP'2 DNA was amplified in the colon tumors, 
but its mRNA expression was significantly reduced in the 
majority of tumors compared with the expression in normal 
colonic mucosa from the same patient. The gene for human 
WISP'2 was localized to chromosome 20ql2-20ql3, at a region 
frequently amplified and associated with poor prognosis in 
node negative breast cancer and many colon cancers, suggest- 
ing the existence of one or more oncogenes at this locus 
(36-38). Because the center of the 20ql3 amplicon has not yet 
been identified, it is possible that the apparent amplification 
observed for WISP'2 rmy be caused by another gene in this 
amplicon. 

A recent manuscript on rCop-l, the rat orthologue of 

WISP-2y describes the loss of expression of this gene after cell 
transformation, suggesting it may be a negative regulator of 
growth in cell lines (16). Although the mechanism by which 
WISP-2 RNA expression is down -regulated during malignant 
transformation is unknown, the reduced expression of WISP-2 
in colon tumors and cell lines suggests that it may function as 
a tumor suppressor. These results show that the WISP genes 
are aberrantly expressed in colon cancer and suggest that their 
altered expression may confer selective growth advantage to 
the tumor. 

Members of the Wnt signaling pathway have been impli- 
cated in the pathogenesis of colon cancer, breast cancer, and 
melanoma, including the tumor suppressor gene adenomatous 
polyposis coli and /3-catenin (39). Mutations in specific regions 
of either gene can cause the stabilization and accumulation of 
cytoplasmic ^-catenin, which presumably contributes to hu- 
man carcinogenesis through the activation of target genes such 
as the WISPs. Although the mechanism by which Wnt-1 
transforms cells and induces tumor igenesis is unknown, the 
identification of WISPs as genes that may be regulated down- 
stream of Wnt-1 in C57MG cells suggests they could be 
important mediators of Wnt-1 transformation. The amplifica- 
tion and altered expression patterns of the WISPs in human 
colon tumors may indicate an important role for these genes 
in tumor development. 
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SECOND DECUVRATION OF PAUL PQLAKIS: Ph-D, 

I, Paul Polakii, Ph.D.» declare and $ay as follows: 

I am currently employed by Genentech, Inc/where my job tide is Staff . 
Scientist. 

Since joining Genemech in 1999. one of ray primary responsibilities has 
been leading Genemech's Tumor Antigen Project, which is a large research 
project with a primary focus on identifying tumor cell markers rhar find use 
as targets for both the diagnosis and meaimem of cancer in humans. 

As I stated in my previous Declaration dated May 7, 2004 (attached as 
Exhibit A), nay laboratory haji been employing a variety of techniques, 
including microairay analysis, to identify genes which are differentially 
expressed in human tumor tissue relati ve lo normal human tissue. The 
primary purpose of this research is to identify proteins that are abundantly 
expressed on certain human tumor tissue(s) and that are either (i) not 
expressed, or (ii) expressed at detectably lower levels,,on normal tissue(s). 

In the course of our research using microarray analysis, we have identified 
approximately 200 gene transcripts that are present in human tumor tissue 
at significantly higher levels than in normal human tissue. To date, we 
have successfully generated antibodies that bind to 31 of the tumor antigen 
proteins expressed from the^ie differentially expressed gene transcripts and 
have used tiiese antibodies to quantitatively determine the level of 
production of these tumor antigen pro^ins in both human tumor tissue and 
normal tissue. We have then quantitatively conipared die levels of raRNA 
and protein in both the mmor and normal tissues analyzed. The results of 
these analyses are attached herewith as Exhibit B. In Exhibit B, means 
that the mRNA or protein was detectably overexpressed in the tumor tissue 
relative to normal tissue and means that no detectable overexpression 
was observed in the mmor tissue relative to normal tissue- 
As shown in Exhibit B, of the 31 genes identified as being detectably 
overexpressed in hiunan tumor tissue as compared to normal human tissue 
at the niRN A level , 28 of diera (i^e., greater than 90%) are also detectably 
overexpressed in human tumor tissue as compared to normal human tissue 
at the protein level. As such, in the cashes where we have been able to 
quantitatively measure both (i) mRNA and (ii) protein levels in both (i) 
mmor tissue and (ii) normal tissue, we have observed that in the vast 
majority of cases, there is a very strong correlation between increases in 
mRNA expression and increases in the level of protein encoded by that 
mRNA. 




6- Based upon my own experience accumulated ia more ihan 20 years of 
reseiurch. mcludiog the data discussed in paragraphs 4-5 above and my 
knowledge of ihe relevant scientific literature, ii is my considered scientific 
opinion that for human genes, an increased level of raRN A m a tumor 
tissue relative to a normal tissue more often ttian not coirelates to a similar 
increase in abundance of the encoded protein in the tumor dssue relative ro 
the normal tissue. In fact, it remains a generally accepted working 
assumption in molecular biology that increased mRNA levels are more 
often than not predictive of elevated levels of the encoded protein. In fact,- 
an entire itidustry focusing on the research and development of therapeutic 
antibodies to treat a variety of human diseases, such as cancer, operates oti 
this working assumption. 

7. Thereby declare that all siarements made herein of my own knowledge are 
true and thai all statements mode on information or belief are believed to be 
true, and further that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section lOOl of Title 18 of the United States 
Code- and that such willful statements may jeopardize the yaUdiiy of the 
application or any patent ibsued thereon. 




PaulPolalas,Ph.D. 
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EXHIBIT A 

DECLARATION OF PAUL POLARIS, PtLD. 

I, Paul Polakis, Ph D., declare and as follows: 

L I was awarded a Ph.D. by the Department of Biochemistry of the Michigan 
State University in 1984. My scientific Curriculum Vitae is attached to and fonns 
part of flu's Eteclaration (Ejdiibit A> 

2. I am currentiy employed by Genentedi, Inc. where my job tide is Staff 
Sci^tist. Since joim'ng Genentbch in 1999, one of my primary responsibilities has 
been leading Gcnentectfs Timior Antigen Project which is a large researdi project 
with a primary focus on identifying timior cell markers that find use as targets for 
both the diagnosis and treatment of cancer in humans, 

3. As part of the Tumor Antigen Project, my laboratory has been analyzing 
differential expression of various genes in tumor cells relative to nonnal cells. 
The purpose of this research is to identify proteins that are abundandy e>q>ressied 
on certain tumor cells and that are either (i) not e^qiressed, or (ii) expressed at 
lower levels, on corresponding normal cells. We call su<^ differentially e?q>ressed 
proteins **tumor antigen proteins" When such a tumor antigen protein is 
identified, one can produce an antilxKly that recognizes and binds to that protein. 
Such an antibody finds use in the diagnosis of hvunan rancer and may ultimately 
serve as an effective therapeutic in the treatment of human c^ 

4. In the course of the research conducted by Genratech's Tumor Anti 
Project, we have employed a variety of scientific techniques for detecting and 
stu(tying differential gene expression in human tumor cells relative to normal cells, 
at genomic DNA, mRNA and protein levels. An important example of one such 
technique is die well known and widely used technique of microarray at^ysis 
which has proven to be extremely usefid for the ideiltification of mRNA molecules 
that are differientially expressed in one tissue or cell type relative to anothw. Iii the 
course of our research using microarray analysis, we have identified 
approximately 200 gene transcripts that are present in human tumor cells at 
significantly higher levels than in correspondii^ nonnal human cells. To date, we 
have generated antibodies that bind to about 30 of the ti^ 

expressed from these ditferentially ex5)ressed gene Iransuipls and liavc used these — 
antibodies to quantitatively determine the level of production of th^e tumor 
antigen proteins in both human cancer cells and corresponding normal cells. We 
have then corhpared the levels of mRNA and protein in both the tumor ai^i normal 
cells analyzed. 

5. From the mRNA and protpin expression analyses described in paragrqjh 4 
above, we have observed that there is a strong correlation between changes in tiie 
level of mRNA present in any particular cell fype and the level of protein 
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expressed from that mRNA in that cell type^ In approximately 80% of our 
observations we have found that increases in the level of a particular liiRNA 
correlates with changes in the level of protein expressed from that mRNA when 
human tumor cells are compared vdth their corresponding normal cells, 

6. Based upon my own experience accumulated in niore than 20 yeans of 
research^ including the data discussed in paragraphs 4 and 5 above aiKl my 
knowledge of the relevant scientific literature, it is my considered scientific 
opinion that for human genes, an increased level of mRNA in a tumor cell relative 
to a normal cell typically correlates to a similar increase in abundance of the 
racoded protein in the tumor cell relative to the normaJ cell In fact, it remains a 
central dogma in molecular biology that increased mRNA levels are predictive of 
corresponding increased levels of the encoded protein. Whfle there have hoen 

. published reports of genes for Svhich such a correlation does not exist, it is my 
bpim'on that such reports are exceptions to the conunonly understood general rule 
that increased mRNA levels are predictive of corresponding increased levels of the 
encoded protein. 

7. I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on informatioh or belief are believed to be true, 
and further that these statements were made with tlie knowledge that willfiil fiJse 
statements and the like so made are pum'shable by fine or imprisonment or both, 
under Section 1001 of Titie 18 of the United States Code and that sudi willjfiil 
statements may jeopardize the validity of the application or any patent issued 
th^eon. ' \^ 




Dated : 5/^?/^/ Bv : 7^^/ /j^^^ 

PauIPoIakis,Ph,D. 
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Supplemental Information 

Criteria for defining genomic overrepresentatlon and ampllcons. Genes with 
copy number ratio > 1.40 (representing the upper 6% of the CGH ratios across all 
experiments) were considered to be overrepresented. A genomic fragment that 
contained six or more adjacent probes showing a copy number ratio > 1 .40, or a 
region with at least three adjacent probes with a copy number ratio > 1 .40 arjd no 
less than one probe with a ratio > 2.0, were considered to be ampllcons. When 
indicated, the amplicon start and end positions were extended to symmetrically 
Include 6 neighboring non-oven-epresented probes (ratio < 1.40). 

Relationship bietween genomic copy number and gene transcript level. The 
relationship between the levels of copy number and transcript changes was 
examined as described by Hyman et al (5). Briefly, withln-slide normalized 
genome and transcript ratios In each cell line were log-transfomied and median- 
centered; transcript data were also median-centered using values across 6 cell 
lines. For each gene, the C^H data were represented by a vector that was 
labeled "1" for genomic overrepresentatlon (Including amplification) ratio greater 
than 1.40 and "0" for no genomic oven-epresentation. Genomic copy number 
(including amplification) was con'elated with transcript expression by using 
signal-to-noise statistics. A weight W was calculated for each gene: W= (mgi - 
mgo)/(rgi + rgo), where mgi, rgi and mgo. rgo denote the means and standard 
deviations for the mRNA levels for genomic overrepresentatlon and non- 
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overrepresentation of the cell lines, respectively. To assess the statistical 
significance of each weight. 10.000 random penmutations of the label vector were 
generated. The probability that a gene had a larger or equal weight by random 
permutation than the original weight was denoted by a, A low a (< 0.05) indicates 
a strong association between genomic overrepresentation and transcription. 
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Ffg. 1S. 2D gel images of normal bronchial epithelial cells and lung 
adenocarcinoma cells (cell line H522). The red cycles indicate the up-regulated 
proteins in H522 cancer cell line. 
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Fig. 2S. Cropped 2D gel Images of selected proteins In normal bronchial 
epithelial cells and lung adenocarcinoma cells. Images were cropped from 2D 
gels of individual cell lines run between pH 4 and pH 7. 
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Fig. 3S. Confirmation by Southern, nortliern, and western blot analyses of 
increased DNA copies, transcript levels, and protein levels in the genes identified 
in high-throughput microarray and proteomic analyses revealed close 
correlations in the extent of changes in gene copies, transcript, and protein of 
each of the four genes in the cancer ceil lines. Each experiment was repeated at 
least three times. Bars indicate SDs of the mean of three individual experiments. 
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Fig . 4S. SiRN As aoainst EE^F1A2 or KCIP -1 specifically inhibit its expresgion. 
res pectively. (A\ Luna cancer cells were transfected with FEF1 A2-siRNA , 
scrambled siRNA. or PBS. Western blot a nalysis of protein expression was 
pprfnrmftri AS h after transfecfion. The sam e filter was probed with 3-actin 
antihod y tn control for eyen Inadina. (B\ Lun o cancer cells were treated with 
KniP-j -slRNA ■ scrambled siRNA. or PBS Western blot analysis of protein 
expression ^yas performed 48 h after transfection. 
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Fi g. 5S. Effect of EEF1A2 nr KCIP-1 depletion on cell p rniifpratinn. The viability 
nf rPlls at 48 aftfir transfectinn was determi ned hv MTT staining to examine the 
f>ffftnt of siRNA transfection nn cancer c ell proliferation The growth rate was 
ovpr^cgpri as fhP pfirnentaae of viable EEF1 A? -siRNA3-tranfected cells (A) and 
KniP-1-siRNA3-tranfected cells (B) in relation to PBS-tr ^atAH rontrol cells and 
crramhiPri siRNA-trfiated cells Bai-s Indicate S ns nf the mean of three mdividual 
experiments. 
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Fig. 6S. Survival analysis of 113 patients with st age 1 NSCL^ hased on EEF1A2 
Hem and KCIP-1 (right) expression status. 
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Table IS. 587 genes with increases in DNA copy number detected by 
comparative genomic hybridization microarray in the lung adenocarcinoma 
lines 
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70 
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X 


75.3 
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Table 2S. Summary of amplicons in 6 lung adenocarcinoma cell lines by 
microarray 



Location 


Start iroiii p arm oi eacn 
chromsome (Mb) 


ITnri frnin n arm of 
each chromsome 
fMb) 


Size of the 
Amplicon (bp) 




7 935 153 ^ 


8,990,392 


1,055,239 


ip:)0.i i 


26 706 664 


26,924,602 


217,938 




45 645 801 


45,753,660 


107,859 




150 346 660 


153,583,682 


3,237,022 




1 65 807 605 


166287379 


479,774 




^ 116 230 


5,792,115 


2,675,885 




Q 01 1 


10,903,558 


1,323,547 




QC 261 772 


89,459,144 


1,197,372 




100 895 131 


102,103,403 


1,208,272 




1 91 800 000 


198,190,504 


6,390,504 




? 1 6 797 696 


217,354,662 


556,966 




139 549 237 


140,591,166 


1,041,929 




151 165 392 


152,403,677 


1,238,285 




161 600 132 


162,305,862 


705,730 


HplO.l 


6 S12 868 


8,739,550 


1,926,682 




89 077 881 


89,253,981 


176,100 


5pl5.33 


271,401 


971,160 


699,759 


5pl5.2 


10,303,371 


17,329,943 


7,026,572 


5pl3J 


38,881,893 


40,871,072 


1,989,179 


5q32 


147,184,339 


148,013,909 


829,570 


5q35.3 


180,348,507 


180,603,502 


254,995 


6p22.3 


20,510,377 


22,679,871 


2,169,494 


6p21.33 


2.945,207 


3,102,759 


157,552 
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7p22.1 

* 


5,405,698 


6,296,940 


891,242 


7pl5.3 


24,386,241 


26,026,216 


1,639,975 


7pl3 

IT 


45,701,327 


47,792,486 


2,091,159 


7qll.23 


72,542,549 


75,901,214 


3,358,665 


7q21.3 


93,159,360 


93,705,195 


545,835 . 


8q22.3 


98,856,461 


101,804,115 


2,947,654 


8q24.3. 


145,619,808 


146,043,698 


423,890 


9p22,l 


19,366,254 


21,132,144 


1,765,890 


9pl3.3 


33,230,196 


33,392,517 


162,321 


9q33.2 


120,657,888 


121,019,442 


361,554 


9q33.3 


124,720,183 


125,083,163 


362,980 


9q34.11 


127,991,272 


128,117,822 


126,550 


10pl5.2 


3,099,712 


3,205,003 


105,291 


lOplS.l 


5228798 


5,895,379 


666,581 


llpl5.5 


2,422,797 


2,907,226 


484,429 


Hpl5.4 


8,016,756 


8,889.074 


872,318 


llp-15.1 


18,209,479 


20,361,904 


2,152,425 


llpll.2 


45,863,778 


46,678,696 


814,918 


llql2.3 


62,139,345 


62,356,136 


216,791 


llql3.2 


67,030,545 


67,198,753 


168.208 


llq21 


93,866,801 


93,872,392 


5,591 


12pl3.31 


6,326,276 


6,547,680 


221,404 


12ql3.13 

* 


51,148,575 


54,782,854 


3,634,279 


12q23.2 


101,853,931 


105,144,375 


3,290,444 


12q24.31 


123,787,056 


123,873,214 


86,158 


14q21.3 


49,155,159 


49,872,026 


716,867 


15ql4 


37,660,567 


38,937,145 


1,276,578 


15q23 


69,889.948 


70,310,738 


420,790 
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15q23 


45,268,852 


45,272,849 


3,997 


15q26.l 


88,177,793 


88,446,712 


268,919 


16pl3.3 


357,397 


1,984,277 


1,626,880 


16pl3.3 

* 


3,002,207 


3,004,507 


2,300 


16ql3.2 


9,762,923 


10,184,112 


421,189 


16pl2.3 


18,418,684 


18,998,855 


580,171 


16pll.2 


29,989,236 


30,004,583 


15,347 


16p21.31 


34,493,211 


35,546,536 


1,053,325 


16q22.2 


68,300,807 


68,890,598 


589,791 


16q24.2- 
24.3 


86,421,130 


88,158.450 


1,737,320 


17q21.2 


35,798,321 


37,328,798 


1,530,477 


17q21.31 


38,215,678 


41,268,973 


3,053,295 


17q21.33 


44,836,419 


46,604,103 . 


1,767,684 


17q21.33- 

q22 . 


50333203 


50,401,053 


67,850 


17q25.1 


69,711,412 


70,380,692 


669,280 


17q25.2 


72,789,117 


73,732,372 


943,255 


17q25.3 


74,478,932 


75,427,826 


948,894 


17q25.3 


77,227,655 


77,462,586 


234,931 


18pll.21 


10,516,031 


12,874,334 


2,358,303 


18ql2.1 


23,784,934 


28,054,365 


4,269,431 


18ql2.1 


45,268,852 


45,272,849 


3,997 


19ql3.13 


12,910,423 


12916303 


5,880 


19ql3.1 


38,569,699 


40,249,315 


1,679,616 


19ql3.12- 

13.2 


41,411,488 


43,770,012 


2,358,524 


19ql3.2 


44,618,478 


44,628,052 


9,574 


19ql3,2 


46,595,544 


47,155,320 


559,776 


19ql3.32 


50,863,342 


50,887,282 


23,940 
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19ql3.32 


53,589,944 


53.674,457 


84,513 


19ql3.42- 
13.43 


60,354,950 


63,753,894 


3,398,944 


7flol3 12 


43,874,662 


45,418,974 


1,544,312 


70/1 n 33 


60,152,217 


62,377,837 


2,225,620 


21a22 3 


42,605,233 


44,020,687 


1,415,454 


22al2 1 


22,561,118 


27,521,114 


4,959,996 


Xn22 11 


21,810,216 


23,464,172 


1,653,956 


XPll 23 


47,187,558 


48,787,809 


1,600,251 


xPll.22 


49,658,442 


51,478,486 


1,820,044 


XqlS.l 


71,280,162 


71,583,499 


303,337 


Xq21.1 


71,280,162 


77,818,738 


6,538,576 


Xq28 


152,579,818 


152,584,801 


4,983 • 
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Table 3S. 587 genes with increased mRNA levels detected by transcript 
microarray In the.lung adenocarcinoma cell lines 



Gene Symbol 


Chro. 


Distance from p arm of chromosome (Mb) 


ENOl 




8.5 


DDOST 




20.1 


SFN 




26.4 


MLP 




32.2 


AKRIAI 




45.4 


PRDXl 




45.4 


UOCRH 




46.2 


PABPNl 




57.1 


RPL7 




96.4 


COLllAl 




102.6 


rRJM29 




113.1 


KLF6 




114.7 


MCLl 




147.3 


PCSK2 




147.8 


PSMB4 J 




148.1 


S100A2 




150.4 


CALDl 




150.5 


JTB 




150.7 


RPS27 




150.7 


HAXl 




151 


MUCl 




151.9 


N0O3A2 




152.5 


CCT3 




153.1 


CRABP2 




153.4 


TKT 




159.3 


ATPIBI 




165.8 . 


CHITl 




199.7 


SNRPE 




200.2 


IRS2 




203.9 


FBLNl 




204.3 


MGC9850 


• 


214.9 


yWHAO 


2 


?.6 


TNNI2 


2 


26.3 
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uspyY 


Z 




T</^ T7T~I T> 1 

TGFBRl 


Z 


JO* / 


WNlo 


c 


74 


uLKa 


L 


1 77 Q 


C? A C 


Z 


IQl 7 


ODLl 


Z 


10 6 0 


RPL31 


z 


101 20 


r% T7XTT7 


z 


1104 0 


CCT2 


z . 


1'^^ 7 0 


STATl 


z 


1018 0 


HSPDl 


z 


1 08 0 


HSPEl 


z 


1 08 0 


RPL37A 


z 


717 n 

Zl / V 


IGFBP2 


z 


Zl /.J U 


RPS7 


z 


^ ^ 0 


RABIA 


z 




IGKC 


z 




LTF 


1 




PSMFl 


1 


^7 7 
JZ./ 


H0XD9 


J 


101 0 


UMPS 






PrN2 




1 SI 


KPNA4 






SIOOP 




0. / 


UODH 


A 


10 


UCHLl 


A 

H- 


41 1 


SPPl 


>i 
*f 


80 


EMLl 




104 1 


PLAT 


/I 


14*^ % 


TRIM2 


A 


1 ^4 7 


FOB 


/I 




FOG 






MFGE8 




loO./ 




5 


0.251 


PDCD6 


5 


03O5 


CCT5 


5 


103 


PTPRF 


5 


14.2 


RPL37 


5 


40.8 
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SIAT4C 


5 


64.1 


ENCl 


c 

5 


74 


QP-C 


5 


132.2 


GTF2E1 


5 


132.4 


BLZFl 


5 


133.3 


EIABGGTB 


5 


133.7 


SPINKl 


5 


147.2 


XRCC3 


5 


I7o.l 


CRSP9 


5 


1 TO 1 

1 /y.l 


CANX 


5 


1 /V.2 


PMS2L1 


5 


1 no ^ 


S0X4 


0 


Z1.7 


EFNB2 


0 


21,7 


HDGF : 


6 


22.6 


RPSIO 


6 


34.6 


RPLIOA 


6 


35.4 


RAD23A 


6 


38.8 


VEGF 


6 


43.7 


OSF-2 


6 


45.4 


DRCTNNBlA 


6 


64.3 


ABCFl 


6 


159.2 


FSCNl 


7 


5,3 


FBXOll 


7 


5.3 


CYCS 


7 


^A C\ 

24.9 


CG018 


7 


24.9 


METAP2 


7 


24,9 


CBX3 


7 




CRYBAl 


7 


26 


TFCP2 


■7 

7 


43.9 


IGFBP3 


7 


45.7 


PLK3 


7 


72.7 


CLDN4 


7 


72.7 


HSPBl 


7 


75.5 


LALK 


7 


)9 7 


PDAPl 


7 ! 


?3.1 


C0L1A2 ' 


? < 


n.6 


ATP5J2 ' 


r < 


)8.7 


AKRIBIO ' 


' ,] 


133.6 
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SIAT7B 


7 


140.9 


RPS20 


8 


56.7 


ZWIO 


8 


61.6 


TCEBl 


8 


74.6 


LAPTM4B 


8 


98.5 


RPL30 


8 


98.7 


GGTL4 


8 


100.9 


PARD6A 


8 


101.2 


KCIP-1 


8 


101.6 


PABPCl 


8 


101.78 


LY6E 


8 


143.9 


EEFID 


8 


144.4 


TSTA3 


8 


144.5 


RPL8 


8 


145.6 


RPAl 


9 


19.4 


ALDH3A2 


9 


36.8 


SF3B2 


9 


38.4 


7-SeD 


9 


72.8 


ACTA2 


9 


72.9 


TRAl 


9 


117.1 


RPL35 


9 


121.1 


HSPA5 


9 


121.5 


LCN2 


9 


124.4 


OAZIN 


9 


130.3 


DPP7 


9 


133.4 


PFKP 


10 


3.2 


AKRICI 


10 


5.1 


PLAU 


10 


75.6 


DSP 


10 


76.7 


CBLB 


10 


123.2 


TALDOl 


11 


0.434 


CLTCLl 


11 


1.7 


SLC22A1L 


11 


2.9 


TSSC3 


11 


2.9 


E^L27A 


11 


8.7 


ST5 


11 


8.8 


SAAl 


11 


116.6 • 


MYOZl 


11 


18.4 



33 



Revised inanuscript-Olsc-2005-01259 



34 



LDHA 


11 


18.5 


ALDOA 


11 


33.7 


MDK 


11 


46.4 


EEFIG 


11 


62.6 


REGIE 


11 


66.9 


DOC-IR 


11 


67.5 


GSTPl 


11 


67.6 


DPEPl 


11 


95-1 


MMP7 


11 


102.4 


MMP12 


11 


102.8 


GAB2 


11 


109.6 


HYOUl 


11 


118.9 


EHD3 


12 


1.6 


SCNNIA 


12 


6.3 


KRT8 


12 


5L6 


KRT18 


12 


51.6 


KRT7 


12 


52.3 


KRT5 


12 


52.6 


KRT6E 


12 


52,6 


HADHA 


12 


55 


ERBB3 


12 


56,2 


NACA 


12 


56.8 


RAB14 


12 


67.3 


TM4SF3 


12 


71.2 


NTS 


12 


86.2 


CHAD 


12 


103.2 


ASCLl 


12 


103.3 


TXNRDl 


12 


104.6 


CKAP4 


12 


106.6 


COX6A1 


12 


120.7 


BGN 


12 


122.5 


RAN 


12 


129.88 


RPL36A 


14 


t8.1 


PGD 




sO 7 


MPZ 


14 


51.2 


THBS2 


15 : 


$7.5 


TRAF4 


15 : 


J8.3 


SPINTl 


15 : 


$8.7 
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35 



RGN 


15 


42. o 


RPL17 


15 


45.26 


PKM2 


15 


70.1 


CYFIP2 


15 


76.6 


KJF21B 


15 


87.0 


IDH2 


IS 


0O.2 


RPL23A 


16 


0.377 


MSLN 


16 


D.753 


UBE2I 


16 


1.3 


RPS2 


16 


1.95 


CLDN9 


16 


3.1 


ARL6IP 


16 


18.7 


OSBPLIA 


16 


18.7 


EIF3S8 


16 


28.3 


TUFM 


16 


28.9 


ALDOA 


16 


30.1 


NME4 


16 


53.6 


GPR56 


16 


57.4 


CDHl 


16 


68.5 


NOOl 


16 


69.5 


SLC7A5 


16 


87.6 


APRT 


16 


50.0 


GALNS 


16 


88.6 


RPL13 


16 


89.3 


ARAF 


17 


4.7 


PELO 


17 


9.6 


MCP 


17 


32.4 


ERBB2 


17 


35.11 


ECRT17 


17 


:'9.5 


KRT19 


7 


39.6 


JUP 


17 


39.8 


CRF 


17 


♦0.39 


RPL27 


17 


U.l 




1 / 




COLlAl 


17 


18.6 


ABCC3 


17 


19.1 


NME2 


17 


19.6 


CLDN5 


17 : 


53.7 
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DCBLD2 


1 n 
1 / 


11 A ' 
1 iA 


RPL38 




7 

/Z. / 


SMT3H2 


1 n 
1 / 


/J.O 


SYNGR2 


17 


/o.o 


LGALS3BP 


17 




P4HB 


17 


OA ■! 

80.3 


PPAP2C 


1 b 
ly 


J.ZZl 


CD81 


1 Q 


LF.o 


GPI 


1 o 




r TT>XT 

HPN 


1 D 


w.z 


ZNF146 


1 o 




SPINT2 


1 C\ 

19 


4 J .4 


PSMD8 


19 


/lie 

43.5 


YIFIP 


19 


43.5 


RPS16 


19 


44.0 


SYNGR3 


19 


44. 0 


CEACAM5 


1 n 

19 


46.9 


CEACAM6 


19 


46.9 


FOXPl 


19 


46.9 


TUBEl 


19 


46.9 


GIPR 


1 c\ 

19 


CA O 

50.O 


SNRPD2 


1 o 
19 


jU.y 


KDELRl 


1 o 
9 


JJ.O 


CAT 


Q 


OU.O 


r>T>T oo 

RrL28 


1 o 
19 


OU.O . 


t<PS5 


1 o 
19 


03.0 


rRIM28 


9 


o3. / 


DAP 


20 


35.6 


TOPI 


20 


/lA 

■ 0.3 


LIPC 


zo 


■2.9 


UBE2C 


tA 


5.1 


RAP2A ; 


1A i 


56.8 


RPS21 : 


20 ( 


jl.o 




70 i 




TFF3 : 


n ^ 


^2.6 


TFFi : 


n ^ 


12.7 


csTB : 


i\ ^ 


W.l 


FALZ : 


i\ ^ 


J6.3 
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NR4A1 . 


22 


21.2 


MIF 


22 


22.0 


XBPl 


22 


27.5 


DDX18 


22 


38.2 


PRDX4 


X 


22.9 


SYNl 


X 


463 


TIMPl , 


X 


46.3 


LOCI 52 185 


X 


47.2 


PLP2 


X 


47.8 


M. AOHiJ i 


X 


50.3 


RPS4X 


X 


71 


PGKl 


X 


75.4 


RANBPl 


X 


77.2 


SSR4 


X 


152.6 
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Table 4S. S^-H' '^"^-^^ the siRNAs, 



EEF1A2mRN>*^ 

sequence 

(NM_001958> 


Antisense siRNA Oligonucleotide Template 
5'AATAGGTGGACCCCCTCCCGGCCTGTCTC3' 




Sense siRNA Oligonucleotide Template 
5'AACCGGGAGGGGGTCCACCTACCTGTCTC3' 




KCIP-1 mRNA 

sequence 

(NM_003406) 


Antisense siRNA Oligonucleotide Template 
S'AACCCTGGGGACTACGACGTCCCTGTCTCa- 




Sense sIRNA Oligonucleotide Template 
S'AAGACGTCGTAGTCCCCAGGGCCTGTCTCS' 
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